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PREFACE. 


In the work of which a third edition is now offered to the 
public, it has been attempted to furnish, in a moderate compass, 
a mathematical course adapted at once to the instruction of 
youth destined for the sea service—to the everyday wants of 
the practical mariner,—and to the more extended views of 
those who aspire not only to an acquaintance with Naviga- 
tion as an art, but toa knowledge of its principles as a branch 
of science. Few persons have been extensively employed in 
teaching N avigation who- have not felt the want of some such 
book. The other works in common use among British seamen 
are almost exclusively devoted to practice; and the student 
desirous of other and higher information than they afford, is 
obliged to have recourse to a variety of works which, besides 
being expensive, are often little adapted to the state of his pre- 
vious attainments. | 

To understand the principles of Navigation and the formulee 
for computation in Nautical Astronomy, considerable prepara- 
tory knowledge of the elementary branches of mathematical 
science is indispensable; and it is perhaps the leading cha- 
racteristic of the following work, that, while it contains all the 
tables and rules for computation necessary for the practical 
seaman, it contains also the investigations of the rules, and the 
preparatory mathematical information necessary for understand- 


ing the investigations. 
b2 


vi PREFACE. 


The introductory article on the principles of Algebra is 
intended merely to enable the student to read, without difficulty, 
the analytical investigations in Plane and Spherical 'Trigonome- 
try; and while the treatises on the other elementary branches 
of science will be found sufficient to serve the purpose for 
which they are chiefly intended, it is hoped that they may also 
tend to produce that taste for demonstrative science which is 
one of the most valuable effects of mathematical instruction. 

The most useful trigonometrical formule are written out in 
words, in the form of practical rules; and the whole of the 
work has been so arranged, that the theoretical and the prac- 
tical parts may be taught either separately or jointly. 

The principles of Navigation are explained at considerable 
length, and their application shown in the solution of a variety 
of problems, in plane, parallel, middle latitude, and Mercator’s 
sailing, in keeping a sea journal, and the construction of charts. 

An investigation is given of the principles of the quadrant 
and other reflecting instruments for nautical observations, 
accompanied with instructions for adjusting them. 

The practical rules for the solution of the most useful prob- 
lems in Nautical Astronomy will, it is hoped, be found simple 
and unambiguous. The method of finding the latitude from 
double altitudes will, the author trusts, contribute to bring that 
problem into general use among practical seamen. 

The practical rules and tables for clearing the lunar distance 
from the effects of parallax and refraction, are deduced from for- 
mule which were first investigated by J. de Mendoza Rios ;—a 
short trigonometrical process, in which the minute corrections: 
which are neglected in ordinary practice may be introduced, has 
been added. 

It having been found that occultations of stars by the moon can 
easily be observed at sea, a new and simple rule is given for com- 
puting the longitude from these observations. 

The method here given for finding the longitude from the 
observed difference between the intervals of transit of the moon 
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and a fixed star, may, perhaps, claim the attention of practical 
astronomers in general, as well as of the scientific individuals 
engaged, under government, in extensive nautical and geodetic 
surveys. ‘This, which is now generally considered as the best 
of all astronomical methods of finding differences of longitude, 
on land, is here reduced either to a simple proportion, or to the 
adding together of two logarithms. 

The investigations of the practical rules will present no diffi- 
culty to those who understand the theory of Plane and Sphe- 
rical Trigonometry, as given in the preceding parts of the 
work; and the concluding Miscellaneous Nautical Problems 
will afford sufficient variety to guide the student in solving by 
spherics any useful problem that can arise in practice. 

From the care which has been bestowed upon the Tables,— 
it is believed that few, if any, errors of the least practical im- 
portance will be found in them. With respect to Tables, the 
work has one advantage which in schools will be found of con- — 
siderable importance. It contains every Table requisite in 
solving the different examples, the parts of the Nautical Almanac 
being given for the time to which the examples are fitted which 
require its aid. Another advantage, which the work possesses 
in this respect, is of not less importance in practice. The 
Tables of the sun’s declination, right ascension, and the equa- 
tion of time, with the auxiliary Table for reducing them to sub- 
sequent years, are sufficient to enable the mariner to find his 
latitude, and his longitude by a chronometer, with sufficient 
exactness, at sea, for nearly sixty years to come, without the 
aid of the Nautical Almanac. 

A work from which any branch of science is to be taught 
should abound with practical examples; and the following work 
will, in that respect, be found to answer its object. The exam- 
ples requiring numerical calculation have, in this edition, been 
carefully revised. 

Grateful for the patronage which his work has received, as 


evinced by the sale of two very large editions, the author has 
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ELEMENTARY PRINCIPLES 


OF 


ALGEBRAICAL CALCULATION. 


WHEN quantities are considered algebraically, they are represented by 
the letters of the alphabet; the leading letters a, b, c, &c. usually 
representing such quantities as are conceived to be given or known, 
and the final letters w, x, y, &c. such as are required or unknown. 

To abridge analytical expressions, or to indicate the performance of 
certain operations, several characters are employed, of which the fol- 
lowing are the chief: viz. 

+ named plus, signifies addition. 

— ..... minus, vet's - gsubtraction, 

wm ..... difference, ...... the difference of two quan- 
tities when itis not known 
which is the greater. 


Rene. «itito, Meee» multiplication: 
semivin'. » «DY, wanes ae, CAVISION. 
pata s..equal, denotes the equality of the quantities be- 


tween which it is placed; and quantities so connected are said to 
form an EQuarTion. 

2, ii, : are used to denote proportion ; and a simple dot between 
two quantities denotes that they are to be multiplied. 

drawn over, or ( ) inclosing several quantities, 
denotes that altogether they are to be considered as one quantity. 

J called the root, or radical mark, when by itself, denotes the 
square root; «/ denotes the cube root; and, 7 representing any num- 
ber whatever, 4/ denotes the n™ root. 

The second power, or the square of any quantity, as 5, or @, is re- 
presented by 5x5, or 5°; aXa,a.a, aa, ora®; the third power, or 
the cube, by 5x 5x5 or 53; wxaxa, a.a.a., aaa, or a’, &., and 
the numbers 2, 3, &c. are called the indices or exponents of the re- 
spective powers. 

The roots of quantities are also often represented by fractional 


Rb 1 ; 1 ; 
indices; thus, 7” means the square root of 7; @° the cube root of 


1 3. 
a; 6* the fourth root of b; ¢° the fifth root of the cube of c, &c. 
B 
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Quantities with the sign + prefixed, are called additive, positive, 
or affirmative quantities, in contradistinction to those which are pre- 
ceded by the sign—, and which are called subtractive or negative 
quantities. When no sign is prefixed to a quantity, + is understood. 
Thus 4 means + 4, and ¢ means + ©. 

A number prefixed to a letter is called the numeral coefficient of 
that letter, and it denotes that the quantity which the letter repre- 
sents is to be taken as many times as there are units in the numeral 


coefficient. 
Hence, if a represent the greater, and } the less of two quantities, 
a + 6b will represent their sum, @ — b their difference, @ X b, 


a.b, or ab, their product, and a + 8, or ~ the quotient of a divided 
by 0. 
a-+b.cm e,or(a+ 6b). (¢ m e) denotes that the sum of aand 6 


is to be multiplied by the difference ofc ande. a@a—b= Jet d-—e 
denotes that the difference of a and 6 is equal to the square root of ¢ 


added to the difference of dande. a@ + b—>-a— 2 or — - “denotes 
a — 


that the sum of a and b is to be divided by their difference. 3 a@ de- 
notes that the quantity @ is to be taken 3 times; 5 bc denotes that the 


product of 6 and c is to be taken 5 times; and 4. @ — 6 denotes that 
the difference of a and 6 is to be taken 4 times. 


OF ADDITION. 


5 added to 3 times 5 is 4 times 5; 7 added to twice? is3 times 7; 
and, whatever a@ may represent, @ added to 8 times @ is 4 times @. 
4 times the product of a@ and 6 added to 3 times the product of a@ and 
6, is 7 times the product of aand 6. The difference of 6 and ¢ added 
to twice that difference, is three times the same difference. 

Hence 5a+3a=8a. 7bc+1llbc=18 bc, &e. 

Again, if 4 and 7 are both to be subtracted from any quantity, the 
result will be the same if 11, or their sum, be subtracted from that 
quantity; and if 3 times a, and 5 times a, be both to be subtracted 
from any quantity, it will be equivalent to subtracting their sum, or 
8 times a, from the same quantity. 

Hence — 3a added to — 4a is— 7a; — 2bc added to— 7be 
is— 9 bc, &e. 

We may therefore conclude, generally, that like quantities with like 
signs are added together by prefixing the sum of their numeral coeffi- 
cients, with the common sign, to the literal part. 

But when quantities of different kinds are to be joined—as a yard 
of cloth and a pound of iron, their sum will neither be 2 yards of 
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cloth, nor 2 pounds of iron, but a yard of cloth and a pound of iron ; 
and this method of expressing their sum admits of no abbreviation. 
Also, when quantities to be collected together are of the same kind 
but of different denominations, their sum is taken in the same way, 
by an enumeration of the parts which compose the whole. Thus, if 
2 lines of a certain length were required to be added to 8 lines of a 
different Jength, the sum would not be 5 times a line of either of the 
lengths, but 2'times the length of the one, added to 3 times the 
length of the other. 

Or the sum of two different quantities, @ and 6, is represented by 
a+ b, not by 2a or2b. 3bcadded to 7c is 3bc+ 7c, &e. 

Hence the sum of unlike quantities is expressed by the quantities 
themselves, with their proper signs and coefficients. 

Again, if 6 is to be added to any quantity, and 2 subtracted, the 
same result will be produced if 4, or the difference of 6 and 2, be 
added to that quantity. If 9 is to be subtracted from any quantity, 
and 3 added to it, this will be equivalent to subtracting 6, or the 
difference of 9 and 3, from the same quantity. 

Or the sum of + 6 and — 2is +4; the sum of — 9 and + 38 is 
— 6; the sum of — 3@ and + 8a is + 5a; the sum of-+ 17 be 
Gand — 13 is — 5 = 

Hence, like quantities with unlike signs are added together by 
prefixing to the literal part the difference of the coefficients, with 
the sign belonging to the greater one. 

And where there are several quantities to be collected together, 
some of which are alike, and others unlike, the sum will be obtained 
by adding together the like quantities and the unlike ones separately. 

Thus, if @-+ 6 were to be added to a@ + c, the sum would be 
2a+b+e. 

Finally, as 8 times a and 4 times @ are equal to 12 times @, or to 
8 + 4 times @; and 6) + 6 is equal to 6 + 1 times 4, or to 7 times 


6; we have, generally, ab + ch-+db=b.a+ Oe de 


and — 10 bcis 7 bc; the sum of 8 


EXAMPLES IN ADDITION. 


. What is the sum of a, 2a, 5a, and 3a? Answer, ll a. 
What is the sum of 2ab,4ab,and 11 ab? Answer, 17 a6. 


What is the sum of 15 and 6 ~ 2? Answer, 21. 


What is the sum of 76, 36, and — 46? Answer, 66 

What is the sum of 12 bcd, 3bcd,and—bcd? Answer, l4bcd. 
What is the sum of @ + b and a — b? Answer, 2a. 

What is the sum of a?-+- 2ab + b? and a®?—2ab + 6°? Answer, 
+ 23°. 
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OF SUBTRACTION. 


8 taken from 6 times 8 leaves 5 times 8; twice 8 taken from 9 times § 

leaves 7 times 8; and, whatever @ may represent, 3 times @ taken 

from 13 times @ leaves 10 times a; 7 times the sum of @ and 6 taken 

from 9 times the sum of @ and 0 leaves twice the sum of @ and 0. 
Hence 12 a—-azlla,lbab—Tab=8ab, &. 

Again, if the difference between 4 and 7 were required to be taken 
from 12; if 7 were taken away, the remainder would be 5: but in 
deducting 7 too much would be taken away by 4; if, therefore, to 
the remainder 5, the number 4 were added, the sum 9 would be the 
required result, or 12 — 7—-4-12-744=9. If from a + b 
it were required to deduct der a+b — d would be less than the 
true remainder by c; for, in subtracting d from a@-+ 6, too much by 
c had been taken away. 

If, therefore, c were added to a+ 6—d, the suma+tb—d+e 
would be the required difference of the two given quantities. 

Hence, the subtraction of algebraical quantities is performed by 
changing the signs of ail the terms in the quantity to be subtracted, 
and adding the terms with the signs so changed to the quantity from 
which the subtraction is to be made 


~ EXAMPLES IN SUBTRACTION. 

1. From 17 a@take3a. Answer, 14a. 

2. What is the difference between 8a6 and 8ab? Answer, 5 ab. 

3. What is the difference between 156--c and 6b—3c? Answer, 
96+ Ac. 

4. What is the difference between 4a + c andab—7c? Answer, 
3ab+ 8c. 

5. From a+ 6 takea—b. Answer, 2 b. 

6. From a? + 2a6 + b* take a&-2a6+ 6% Answer, 4ab. 


OF :\ MULTIPLICATION. 


4 multiplied by 6 denotes that 4 is to be taken 6 times, or that 6 
fours are to be added together, and the sum of these 6 fours, or the 
product of 4 by 6 is represented by 6 x 4 or 24. 7 a multiplied by 3 
denotes that 7a is to be taken 3 times, and the product is represented 
by 7@ x 3, or 21a. a multiplied by 5 denotes that a is to be taken 
5 times; and the product is represented by 5a. a multiplied by 6 
denotes that a is to be taken as often as there are units in b, and 


Tee 


the product is represented by ab; and, in like manner, if c were 


_ multiplied by 6, the product would be represented by bc; and the 
product of a and b, added to the ‘product of c and b, would therefore 


be represented by @6 ++ cb, or bya +c. b. 
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Now, if the sum of @ and c, or a +,c, were to be multiplied by 4, 
the product would contain as many times @ and as many times c as 
there are units in 6; or @ + ¢ multiplied by 6 would be represented, as 
above, by ab) + cb, orbya+c.6. 

Again, suppose ato be the greater, and c the less of two quantities, 
and let the difference of @ and ec be multiplied by 6; for every time 
that @is taken c must be subtracted; and therefore the product will 
be represented by as many times @ as there are units in b, diminished 
by as many times c as there are units in 6, or ab — c bwill represent 
the required product. ) 

Let now @ + ec be multiplied by — d. If a@ + ¢ were multi- 
plied by } alone, the product, as we have already seen, would be 
a6+cb. But in multiplying by 6 we have multiplied by a quantity 
which is too great by d, for the multiplier b — d is only the excess 
of babove d; therefore, from the product of @ + cby b, we have to 
deduct as many times @-+cas there are units in d, or we have to 
subtract ad + cd from ab + cb, and the remainder @b+ eb — 
ad —cd, is the required product. 

Finally, let a — c¢ be multiplied by 6 - d. This signifies that 
a— cis to be taken as often as there are units in the difference of 
band d; or, if a—e be multiplied by 6, as many times @ — ¢ must 
be deducted, from the product as there are units in d; or, from the 
product of a — c by b, the product of a@-—c by d must be subtracted. 
Now, the product of a —c by b is ab — c bd, and the product of a — ¢c 
by disad—cd. Andab—cb—ad—cd=ab—cbh—ad 
+ c dis the required product. 

We hence deduce the following rule for the multiplication of alge-_ 
braical quantities. 

Multiply every term of the quantity to be multiplied by each term 
separately of that by which the multiplication is to be made; observ- 
ing, when the signs of the terms multiplied together are alike, to 
make the sign of the product + ; but — when the signs of the terms 
are unlike; and the sum of the several products will be the total pro- 
duct required. 

Note.—As 5° signifies 5 - 5, oo 5‘ signifies 5X 5 xX 5x 5, 
5? X, 5° will be the same as 5 X 5 X 5 X 5 x 5 xX 5, or 58; and, in 
the same way, @ x a@t'=a@.a@.a€xXa4.4.a.a.=@; therefore, 
different powers of the same quantity are multiplied by the addition of 
their indices. 


EXAMPLES IN MusTIPLICATION. 
1. Multiply 3@ by 11. Answer, 33 a. 
2. Multiply aby a. Answer, a’. 
3. Multiply a + bby a — b. Answer, a? ~ 0°, 
4. Multiply @ — 6 by a@ — |, or find the square of a — 6. Answer, 
—2ab-+ 88, 
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5. Multiply a+b by a@ + 6, or find the square of a + 6. Answer, 
a’ + 2ab + DB’. 

6. Multiply a* by a?. Answer, a’. 

7. Multiply 5a@b by 7 a. Answer, 35 a’ b. 

8. Multiply 5a+ bby7 a. Answer, 35a? + 7a 6. 

9. Multiply a + 6 by a. Answer, a? + @ b. 


OF DIVISION. 
3 times 9 divided by 3 gives 9 for the quotient; and 3 times 9 divided 
by 9 gives 3 for the quotient. In like manner, a times 8, ora b, divided 
by 8, gives a for the quotient; and a b divided by a gives 6 for the quotient. 
Again, the quotient of 3 divided by 7 is represented fractionally by 


3 12 

ra 12 divided by 16 is represented fractionally by Tg? ores 12 and 
at 12 

16 have a common divisor 4, the quotient —— in its lowest terms 


3 
will be ee In like manner, 7 a@ divided by m 6 is represented by 


a F a 
man aa’ by the equivalent fraction —. 


b 
2+ 8 
Further, 12 + 8, divided by 16, is expressed by = : 
gale jy Ox 1 28d" and en hea Le Y 2 Mee 
rier ay erg. 7 > and, sa y; 16” is ex- 
3a -+ 2 5 i 
pressed by ee ot a or l ae orl + <a or a + - 
a A J OOS 
Again, for the signs, + a X + bis + ab, therefvre is + 0; 
+ ax —bis ~ ab, therefore — is + a, and — is — b, 


<= 


Therefore, in dividing, it is to be observed, that like signs in the 
factors give + in the quotient, and unlike signs in the factors give 
— in the quotient. 

We have hence the following general rule for division :—Place the’ 
dividend over the divisor in the form of a fraction, and this fraction 
will be the value of the quotient. If either the whole numerator and 
denominator, or each of their terms, have a common divisor, divide 
by that divisor, and the result will be the quotient in simpler terms. 

As 7° divided by 7 is equivalent to ood ee orto7 x %,or to 

é 


@.4.4.4.4 


2. 6 nie ° ° a 4 
7; and a® divided by a* is equivalent to ———— 
2.a.a. 


or to ae; the division of different powers of the same quantity is effected 
by subtracting the index of the divisor from that of the dividend. 


» Or toad. a, 
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EXAMPLES IN Drvision. 
1. Divide6aby 2. Answer, 3 a. 
2. Divide 7 abby a. Answer, 7 b. 


2 
. Divide a-++ abby b. Answer, — ta. 


. Divide @ +2a6+ 02 bya+t+ b. Answer, a + b. 
ae, 264+ 3c 
. Divide4ab+ 6acby2ad. Answer, Vea a 


3 
4. Divide a? — b®? by a— b. Answer, a + 0b. 
5 
6 
OF FRACTIONS. 


abe 
== 4. that.is. any 


3 4 
Vaan 1, and wy a; pr, senerally, < cone tf BP py 


fractional expression, whose numerator and denominator are equal, 


is equal to 1. 


2 5 ets 10 13 a c a--+-ec 
Megs gE BR eS 
3 3 4 a A Sire AMINES ale GY SCD 
nn ee ee a ees a tae 


Fractions having a common denominator are therefore added by 
placing the sum of their numerators; and subtracted, by placing the 
difference of their numerators over the common denominator. 
fee xD) 2x8 7 X9+2%8 


Rag '3 yc 9 Spee pana 9x8 


ty 2 
3 Or genera ly ae 


6 vod + oc 7 4+ 2 UX%9— 2 K%8 . 4 c 
aaa Sa aa a a 9 
ad—be a+b Birr iO. 2 Big 
ae 238 

Hence, when the fractions to be added, or subtracted, are of dif- 
ferent denominators, they are reduced, as in common vulgar frac- 


tions, to equivalent fractions, having a common denominator; and 
then the sum or the difference of their numerators, so reduced, is 
placed over the common denominator, for the required sum or differ- 


ence of the fractions. 
Algebraic fractions are, therefore, reduced to a common denomina- 
tor, added and subtracted exactly in the same manner as common 


vulgar fractions are. 


EXAMPLES IN ADDITION AND SUBTRACTION OF FRACTIONS. 


b 
1. Add —~ to . Answer,“-——, 
a c Ta+o6ec 
2. Add ca to 7 Answer, OTT TTT 
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2 : + 24 
3. Add 22 to. Rynibh Nig os take 
3 3C 
Gectesb pi ane 2a? + 26° 
4. Add - a mereret Answer, maT HS > 
BP+e— a 2bc+P+¢ — @& 
: a ni 
5. Add 1 to wRirs GS, . Answer, oan Ms 
Bikve ; — a 
Obie © 
panes soli ee A 
‘ . From [~~ subtrae ibe ag 3. - 
b 
. From oF ta keine rae Answer, Bats 
b a+b at 
b° — Q2be—P—Cta@ 
8. From ‘oe G3 Answer, “DAGA ete , or 
2 
“w—b—e 
Bee 
6 ar ie 8 6 6 
pq multiplied by 7 is 53” and — 55 divided by 7 is se oh a 
at (Ee 
Bee eb ban: Mee 
Awain x an 4 2 3 ye ed 
Se Be Bp So a bee 
Cr UGC nO. ae nye 
hie ade kb SMR a ho 


The multiplication and division of algebraic fractions are therefore 
performed in the same manner as in vulgar fractions: multiplication 
being effected by taking the product of the numerators and denomi- 
nators respectively, for the numerators and denominators of the 
fractional product; and division, by taking, in the same manner, the 
product of the dividend and the reciprocal of the divisor. 


EXAMPLES IN MULTIPLICATION AND DiIvISION oF FRACTIONS, 
2 


1, Multiply + by a.. Answer, a 


Gbe, 2a 
: ltiply —— by — hs 
2. Multiply ma by ap Answer, 75 


7b ll 
3. Multiply — a PY ae: Answer, 1. 
a “b f Det 3 Ans a nea b? 
e+e swer, ete — &@b— 
eile Ae l+ned 
d b : —__—_——_- —,, 
ne ab ~wabed eee ANS WC Lee 


tb+az 


4. Multiply — 


or 


6. Divides. 


Answer, 


Rv ete 
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Mone. 6 a 24 
7. Divide 7 by 7. Answer, a ae 


2 SaaS 
Salih wl by ial Answer, he 


8. Divide —— - 
Gb ta—d 3 ar be 


OF THE TRANSPOSITION or THE TERMS or EQUATIONS. 


Ir 94-4=13, then 9=13-—4; andif9 =13—4, then 9+-4=13, © 

He8-7—11--4,then8-+-7 —4=1),and8 —4= 11 — 7; or, 
ifa-+ b=c, then a=c— bd; and ifa=c—), thene=b+a. 

Whence a term, or any number of terms, may be transposed from 
one side of an equation to the other, without destroying the ‘equality, 
by changing the sign of each term so transposed. 

Again, if9 + 4= 13, then9+ 4-—13= 0; andif9-+4-—13=—0, 
9+ 4= 13, or, generally, if a + b=c, thena+b—c=0; 
and ifa+h—c = 0, thna+6b=c; ifa—c+d =e, then 
O0O=e-a+tec—d,ora—ctd—e=0. 

Hence, if all the terms on one side of an equation be transposed with 
their signs changed, the resulting expression will be equal to 0. 


If — = 2, then8 = 2 x 4,orif > = ce, theni.aasibnce paheitk x 


63 7 
9 = 63, then 7 = —, or ifab = e, then @ =; if = 10 — 64, 


then 7 = 20 — 13; if —-=o+d—e,thena=cb+db—eb; 


64 16 ae 
fee = O16, then6 =~ — - =; or fa be ed = &, 
h “hoe e Y 
en ee in ° 


Hence, if a term of an equation be multiplied by any number, the 
multiplier may be omitted, if all the other terms of the equation be 
divided by that number; and, conversely, if a term of an equation be 
divided by any taber; the clipe may be omitted, if th the other 
terms of the equation be multiplied by it. 

If 4°= 16, then 4 = if 16; or if 4° = 12+ 4; then’ 4) = ,/12-1 4 
or if a? =}, then a= ,/b; or if a@& = 6 + ¢ — d, thna = 
et c pads if Jaz Oy then iden Oo sont {a= b — c, then 
OS ae 

Hence if a power of any required quantity be given, the quantity 
itself will be obtained by extracting the corresponding root of the 
given quantity; and if a root of any quantity be given, that quantity 
will be the corresponding power of the given quantity, 
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EXAMPLES, 
Given 2 + 4 = 18 to find 2 Answer, 7 = 14, 
Given« —7 = 12-+ 3to finda. Answer, # = 22, 
Givny +a=4—dtofindy. Answer,y = 4—6-— a. 
Given 4+ 7 —9 =2— 8to find z Answer,xz = i0. 
Given 8a — 24 to find « Answer, 7 = 3. ' 
Given7c0-+3 = 31 to finds. Answer,z = 4, 


cee to ee 


Given = = 3to finds. Answer, x = 24. 


8. Given = +4= 11 — 2tofinda. Answer, 7 = 35, 


9. Given a? + a= b-—ctofinds Answer,7 =,/b — G eld, 
! +c — @ 
10. Given 2 bcx=0? +e2~—a’to finda. Ans. 7 =— oy 
Cc 


a 


11. Given a = 14+ 4 —3. Answer, «= 4/15. 


OF LOGARITHMS, 


LoGariTHMs are a series of numbers contrived to lessen the labour 
attending many troublesome calculations; the operation of multipli- 
cation being effected by the addition, and that of division by the sub- 
traction of logarithms. The raising of powers is effected by multiply- 
ing the logarithms by the index of the power; and the extraction of 
roots, by dividing the logarithm by the index of the root. 

Logarithms may be considered as the exponents of the powers of a 
certain number, called the root or radix of the system; or they may be 
considered as an arithmetical series, indicating the places of the numbers 
in a corresponding geometrical one. 

The common system of logarithms, or that which is most used, and 
most useful in common calculations, has 10 for its root; and the loga- 
rithm of any number in that system, is that power of 10 which is equal 
to the given number, 

Thus 10' is 10, 10° is 100, 10° is 1000; the log of 10 therefore is 1, 
that of 100 is 2, and that of 1000 is 3, &c. 

Now 10%, 102, 10, 1, a a &c. form a continually decreasing 
geometrical series; their logarithms therefore form a continually de- 
creasing arithmetical series. 

Nos: °L000;. 100°. 10. }°. Piha Gi 
Logs . 3. 2. LL. 0. =) ee 

Hence the log of 1 is 0, and the logs of all numbers less than 1 
have their indices negative; the log of every number between 1 and 
10 is between 0 and 1; the log of every number between 10 and 
100 is between 1 and 2; the log of every number between 100 and 
1000 is between 2 and 3, &c. The numbers 1, 2, 3, &c., called the 
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indices of the logarithms, are therefore always less by one than the 
digits contained in the integral part of the number whose logarithm is 
taken. 

From what has been said, it is evident that the logs of 10 and all its 
integral powers will be whole numbers; but to determine from these 
what the logarithms of other numbers are, is a task attended with a 
good deal of trouble ; and as our object is rather to point out the prin- 
cipal properties of logarithms, and to explain their practical uses, than 
to give a view of the many refined artifices which have been employed 
in computing them, we shall merely show by one example how the 
logarithm of any number may be determined; and that example may 
suffice to convince us how much we are indebted to the industry and 
the skill of those persons, whose labours have furnished us with the 
extensive tables which we now possess. 


EXAMPLE, 


Let it be required to find the logarithm of 9. 

Here the proposed number lies between 1 and 10. 

First, then, the log of 10 is 1, and the log of 1 is 0; therefore 
1-40 — 2= 4 ='5 is the arithmetical mean, and Jloxl= 
4 bo 3°1622777 the eeometrical mean ; hence the log of 3°1622777 
is *. 

Secondly, the log of 10 is 1, and the log of 3°1622777 is °5; there- 
fore baie nt 2=—= 75 is the arithmetical mean, and J 10 % 31622777 
= 5°6234132 is the geometrical,mean; hence the log of 5°6234132 
is "75. 

Thirdly, the log of 10 is 1, and the log of 5°6234132 is -'75; there- 
fore 1 + ‘75 —- 2 = ‘875 is the arithmetical mean, and /10 x 5°6234132 
= 7'4989422 the geometrical mean; hence the log of 74989422 
pe. 07 5. 

Fourthly, the log of 10 is 1, and the log of 74989422 is ‘875; 
therefore 14 875 ~ 2 = ‘9375 is the arithmetical mean, and 
JV 10. x 7°4989422 = 8°6596431 the geometrical mean; hence the 
log of 8°6596431 is °9375. 

Fifthly, the log of 10 is 1, and the log of 8°6596481 is :9375; 
ierafore 1 + -9375 —. 2 = ‘96875 is the arithmetical mean, and 
10 x 86596431 = 9°3057204 the geometrical mean; hence the 
log of 9°3057204 is ‘96875. 

Sixthly, the log of 8°6596431 is 9375, and the log of 9°3057204 
is ‘96875; therefore ‘9375 +- "96875 — 2 = ‘953125 is the arith- 
metical mean, and ,/ 8'659643l x 9°3057204 = 8:9768713 the geo- 
metrical mean ; hence the log of 8°9768713 is ‘953125. 

And proceeding in this manner, after 25 extractions, it will be 


4 
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found that the logarithm of 8°9999998 is °9542425; which may be 
taken for the logarithm of 9, as it differs so little from it that it is 
sufficiently exact for all practical purposes. 

And thus were the logarithms of almost all the prime numbers at 
first computed. 

Having found in this manner the logarithms of all prime numbers, 
which are those that have no divisor; as, 2, 3, 5, 7, 11, &c. the loga- 
rithms of all other numbers may easily be found. For, as 3 X 5 
= 15, the logarithms of 3 and 5 added together will be the logarithm 
of 15, and as 3° = 9, twice the logarithm of 3 will be the logarithm 
of 9, &e. And thus may an idea be formed of the method of con- 
structing a table of logarithms. 

The logarithms constructed to the radix 10 possess one very im- 
portant practical advantage ; which is, that all numbers consisting of 
the same figures, whether they be integral, fractional, or mixed, have 
the decimal parts of their logarithms the same. 

For, the log of a X 10” is equal to m added to the log of a; and 
the log of a — 10” is equal to the log of a diminished by 7. 


Thus these oh G28) (73 om. Sate ataies is 2°797960 
628 : 
62°8 or 10 +. 018) VO eee 
Boe 1 on O8 
6°28. 7 18 Beat 
6 
6282), = ee ie is —1:797960 
628 
“NAD 4 od PL cp at aye: 
0628... eee eee. is —2-797960 


EXAMPLES OF THE Use or LOGARITHMS. 


1. Multiply 849 by 76. 
8419 log 2°928908 
76 log 1°880814 


Product. . 64524 low 4°809722 

2. Multiply 34 by -9, 
34 log 1°531479 
‘9 log — 1:954243 


Product..30°6 log  1°485722 

3. Divide 1496 by 1213. 
1496 log 3°174932 
1213 log 3:083861 


ee eee 


Quotient,.1°233 log ‘091071 
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4, Divide 732 by ‘02. 
732 log 2°865411 
‘02 log — 2°301030 


Quotient..36600 log 4°563481] 
5. Find a fourth proportional to 567, 913, and 485. 

As, to perform the required operation without the aid of logarithms, 
we must divide the product of 913 and 485 by 567; therefore, to 
perform it logarithmically, from the sum of the logarithms of 913 
and 485, we must deduct the logarithm of 567 for the logarithm of 
the result. 


Thus, 
567 log 2°753583 
913 log 2°960471 
485 log 2°685742 
5*°646213 


Required fourth proportional..781 log 2°892630 


6. Extract the 6th root of 148 
148 log 2°170262 
6)2°170262 


Required root..2°3 log °*361710 


GEOMETRY. 


DEFINITIONS. 


1. Gromerry is the science by which we determine the relations 
between quantities that have extension. 

2. A Point is that which has position, but no magnitude. 

3. A Line is length only. 

4. A Surface, or Superjicies, is a figure which has length and 
breadth only. 

5. A Solid is a figure which has length, breadth, and thickness. 

6. A Right Line, or Straight Line, is one which does 
not change its direction between its extremities. 

7. A Crooked Line is one which changes its direction STEN, 


at intervals. _ \ 


8. A Curve Line is one which continually changes 
its direction, 
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9. When a line is not stated to be crooked, or curved, it is under- 
stood to be straight. 
10. Parallel Lines are those which, being in the same 
plane, will not meet, though produced to any distance. ——_——_. 
11. Oblique Lines are those which will meet if ere 


oueee 


produced. eek, Se ane a 


12. A Line is a Tangent to a curve, when the ae 


line touches the curve without cutting it, when both & 


are produced. - 
13. An Angle is the inclination of two lines which \ eee 


diverge from the same point. 


14, A Perpendicular is a line meeting another line, | 


so that the angles on each side of it are equal. | 
ie 


15. A Right Angle is the angle formed by a perpendicular with the 
line which it meets. 

16. An Oblique Angle is one which is formed by the meeting of 
two lines not at right angles to each other. 

17. An Acute Angle is less, and an Bese 
Obtuse Angle is greater, than a right ale ial 
angle. 

18. A Plane Surface, or a Plane, is that with which a right line 
may every way coincide. 

19. A Curve Surface is that with which a right line will not every 


way coincide. 
20. Plane Figures are bounded either by right lines or curves, and 
they have as many angles as they have sides. 


21. A Triangle is a figure of three sides. Bee 
22. An Equilateral Triangle is one whose sides are all 
equal. 


23. An Isosceles Triangle has only two of its sides equal. 


24. A Scalene Triangle is one whose sides are all 
unequal, 


25. A Right Angled Triangle has one of its angles a 1 


right angle. 


26. An Oblique Angled Triangle is one whose 
angles are all oblique. ee 
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27. An Obtuse Angled Triangle has one obtuse 
angle. 


28. An Acute Angled Triangle has all its angles 
acute. 


29. A figure of four sides is called a Quadrilateral, 
or a Quadrangle. a 


30. A Parallelogram is a quadrilateral having each 
pair of opposite sides parallel. 


MN, 


31. A Rectangle is a parallelogram having one of its 
angles a right angle ; and it is said to be contained by 
any two of its adjoining sides. 


32. A Square is a rectangle having all its sides equal. 


33. A Rhomboid is a parallelogram, one of whose 
angles is oblique. 


Soe 


84. A Rhombus is a rhomboid whose sides are all equal. 


s 


35. A Trapezium is a quadrilateral which has not its 
opposite sides parallel. 


36. A Trapezoid is a quadrilateral having only one 
pair of opposite sides parallel. 


37. A Diagonal is a line joining the opposite angular 
points of a quadrilateral. 


Sab 


38. Plane figures of more than four sides receive the general 
denomination of Polygons. 

39. A Polygon of five sides is called a Pentagon; one of six sides 
a Hexagon; one of seven sides a Heptagon; one-of eight sides an 
_ Octagon, &c. 

40. A Regular Polygon is one which has all its sides equal, and also 
all its angles equal. 

41. An Irregular Polygon is one which has not all its sides and all 
its angles equal. 

42, A Circle is a plane figure bounded by a curve line, 
every part of which is equally distant from a a certain 
point within the figure, called the centre. ii 


43. The curve line which bounds the circle is called the Circum- 
Jerence. Note, the Circumference is sometimes called the Circle. 
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44, The Radius of a circle is a line drawn from the 
centre to the Circumference. 


45. The Diameter of a circle is a line drawn through 
the centre and terminating on both sides at the circum- 
ference, 


O@ 


atree 
oe” Me, 
oe? *, 


*e, 


a oFPPsa, 
Ke 
2 
2 
‘2 
NCE: 


46. An Arc of a circle is any part of the circumference. 


"8 amas 


47. A Chord is the straight line joining the extremities of an are. 


48. A Segment is a part of a circle bounded by an are 
and its chord. 


& orton, 
x 
30 


x 


OW 


49. A Semicircle is a sezment cut off by a diameter. 


90. A Sector is a part of a circle bounded by two radii 
and their intercepted are. 


51. A Quadrant is a sector whose bounding radii are perpendicular 
to each other. 

52. In a right angled triangle, the side opposite the right angle is 
called. the Hypothenuse, and the sides including the right angle are 
called the Base and Perpendicular, and sometimes the legs of the 
triangle. 

53. When an angle is denoted by three letters, one 
of them is placed at the angular point, and the other 
two on the lines which include the angle; and that 


which stands at the angular point is read in the middle 


as ABC, or CBA. A €! 


. . * . ° 

54. An angle in a segment of a circle is contained by two lines 
drawn from any point in the are of the segment to the extremities 
of the same arc. 

i © > ° . e 

55. An angle on a segment, or on an are, is contained by two lines 


drawn from the extremities of the are to any point in the opposite 
part of the circumference. 
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56. An angle af the circumference of a circle is one 
whose angular point is in the circumference; and an 
angle at the centre, is one whose angular point is at 
the centre. 


57. A rectilineal: fizure is inscribed in a circle, or the 
circle circumscribes the rectilineal figure, when all the 
angular points of the figure are in the circumference of 
the circle. 


58. A rectilineal figure circumscribes a circle, or the 
circle is inscribed in the rectilineal figure, when each side 
of the figure touches the circumference of the circle 
without cutting it. 


59. A rectilineal figure is inscribed in another, or the 
latter circumscribes the former, when all the angular 
points of the former are placed on the sides of the 
latter. 


OU Oe 


60. Identical Figures are those which are mutually equal in all their 
parts. 

61. Similar Figzres are those which have all the angles of the one 
equal to all the angles of the other, and the corresponding sides about 
the angles of each figure, proportional. 

62. ‘The Peryneter of a figure is the sum of all its sides. 

63. A Problem is an operation proposed to be performed. 

64. A Theorem is a truth which it is proposed to prove. 

65. A Proposition is a general term, signifying either a problem or 
a theorem. . 

66. A Lemma is a preparatory proposition to render what follows 
more easy. 

67. A Corollary is an obvious consequence resulting from a pre- 
ceding proposition. 

68. A Scholium is an observation, or remark, upon something 
preceding it. 

69. An Axiom is a self evident truth. 

70. A Postulate is a request to admit the possibility of performing a 
certain operation. 


AXIOMS. 
1. Things which are equal to the same thing, aré equal to each 
other. 
2. When equals are added to equals, the wholes are equal. » 
3. When equals are taken from equals, the remainders are equal. 
4. When equals are added to unequals, the wholes are unequal. 


5. When equals are taken from unequals, the retiiainders are 
unequal. 
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6. Things which are like multiples of the same, or of equal things, 
are equal to each other. 

7. Things which are like parts of the same, or of equal things, are 
equal to each other. 

8. The whole of any thing is equal to the sum of all its parts. 

9. The whole of any thing is greater than a part of it. 

10. Magnitudes which coincide with one another, or fill the same 
space, are identical or mutually equal in all respects. 


\ 


11. All right angles are equal to one another. 

12. If two straight lines are parallel to each other, a line which 
meets one of them will, if produced, meet the other. 

13. If two straight lines intersect each other, they cannot both be 
parallel to the same straight line. 


POSTULATES. 


1. Let it be granted that a straight line may be drawn from any 
one point to any other point. 

2. That a straight line may be produced to any length in the same 
direction. 

3. That a circle may be described round any point as a centre, 
and with any radius. 

4, That from any point in a given straight line a perpendicular to 
that line may be drawn. 

5. That a right line, or rectilineal angle may be made equal to any 
given right line, or rectilineal angle, that any right line or rectilineal 
angle may be bisected; and that through a given point a line may be 
drawn parallel to any other line. 


THEOREMS. 


TuHeorem I. 


In any two triangles ABC, DEF, if two sides C A, CB, in the 
one, be respectively equal to two sides F D, F E, in the other, and the 
angle C included by the sides C A, CB, in the one, be equal to the 
angle V’, included by the equal sides F D, FE in the other ; then the 
two triangles are identical, or equal in all respects; and have the 
angles equal which are onposite to the equal sides. 

For, conceive the point C to be laid on the point © ay 
F’, and the line CA on the line F D, then, because 
these lines are equal, the point A will coincide with 
the point D. And as CA coincides with FD, and 4 RW K 
the angle C is equal to the angle F, the line C B will 
fall on the line FE; and, because CB and FE are equal, the point 
B will coincide with the point E. Therefore as the points A and B 
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coincide with the points D and H, the line A B will coincide with the 
line DE. Hence the two triangles are identical, and have all the 
parts of the one equal to the corresponding parts of the other; namely, 
the side AB to the side DE, the angle A to the angle D, and the 
angle B to the angle E. Q. HE. D. 


Tueorem II. 

In any two triangles ABC, DE F,if two angles A and B in the one 
be respectively equal to two angles 1) and E in the other, and the sides 
AB and DE adjacent to these equal angles be also equal, the triangles 
are identical, or equal in all respects. 

For conceive the point A to be laid on the point 
D, and the side A B on the side D E, then because 
these lines are equal, the point B will coincide with 
the point E. And as AB and DE coincide, stale 
and the angle Ais equal to the angle D, the side 4 BD iE 
A C will fall on the side DF; and for a like reason B C will fall on 
EF. Therefore as AC falls on DF, and BC on EF, the point C 
must coincide with the point F; and consequently the two triangles 
are identical; having the other two sides AC, BC, equal to the two 
DF, EF, and the remaining angle C equal to the remaining angle 
F. Q.E. D. 

THEoreEM III. 

In any isosceles triangle ABC, the angles A and B, opposite the 
equal sides, AC and BC, are equal. 

For, conceive the angle C to be bisected by the line C D 
then as the two triangles A C D and BC D, have A C equal 
to BC, CD common to both, and the angle AC D equal 
to the angle BCD, they are identical (Theo. 1), and ait \ 
therefore the angle A is equal to the angle B. Q.E.D. *~ Rove 

Cor. 1. The line which bisects the angle included between the 
equal sides of an isosceles triangle, bisects the third side, and is also 
perpendicular to it. 

Cor. 2. Every equilateral triangle is also an equiangular one. 


Turorem IV." 

If any triangle AC B, have two equal anglesas CB A and CAB, 
the sides AC and BC opposite those equal angles are also equal to 
each other. 

For if A C and BC are not equal, suppose one of them, as c 
AC, to be longer than the other, and let A D be the part of 1) 

A C which is equal to BC; and join BD. Then, because \ 

A D is equal to BC, A B common to both, and the angle 

DAB equal to the angle CBA; therefore, the triangle 

A D B is equal to the triangle A B C (Theo. 1), the less to the greater, 
c 2 
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which is impossible. Hence AC and BC are not unequal, that Is, 
they areequal. Q. E. D. 
Cor. Every equiangular triangle is also an equilateral one. 
TuEorem V. 

Tf any two triangles, as ABC, DEF, have the sides AC and 
DF, ABand DE, and BC and EF, respectively equal, the triangles 
are identical, and have the angles equal which are opposite to the equal 
sides, 

For, let the point A be laid on the point D, 
andthe line A B onthe line D EB; then, because J aly 
these lines are equal, the point B will coincide 
with the point E. Let the point C fallat G,the ¢ BD te 
points G and F being on opposite sides of the 
line D E, and let F G be joined. ThenasDF 
and I G are each equal to A C, they are equal to 
each other, and consequently the angles DF G 
and DG F are equal (Theo. 3). In the same 
way EFG and EGF may be shewn to be 
equal; and consequently the angles DF E and 
DGIK, or ACB, are equal. Hence, as the 
two sides AC, BC are respectively equal to the two sides DF, FE, 
and the angle AC B is also equal to the angle D F E, the triangles 
ABC and DFE are identical (Theo. 1.), and have the angle B AC 
equal to the angle E DF; and the angle A BC equal to the angle 
DEF. Q.E.D. | 


TnroremM VI. 
The angles DB A and DBC which one straight line BD makes 
with another, AC, on the same side of it, are either two right angles, 
or together they are equal to two right angles. 


For if DB is perpendicular to ‘AC, then each of the E a 
angles DB A and D BC isaright angle. But if B Dis 
not perpendicular to AC, let B E be perpendicular to it, WA 
then each of the angles A B Eand E. BC is aright angle, AT aes c 


and A B D exceeds a right angle by E B D, and DBC 

is less than a right angle by the same angle E BD; the two angles, 
ABD and DBC, are therefore together equal to two right angles. 
Q.E. D. 

Cor. 1. All the angles that can be made at any point as B, by any 
number of lines, drawn on the same side of a line A C, are together 
equal to two right angles. 

Cor. 2. As all the anoles that can be made at the point B, on the 
other side of the line A C, are together equal to two right angles, all 
the angles that can be made, in the same plane, about any point, as 
B, are together equal (o four right angles. 
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Cor. 3. If a straight line revolve in a plane about a point in which 
one extremity of the line remains, the angles which the successive 
positions of the revolving line make with each other during a complete 
revolution, are together equal to four right angles; and the correspond- 
ing portions of the circumference of the circle, described by the other 
extremity of the revolving line, make together the whole circumference. 
If, therefore, the circumference of a circle be assumed as the measure 
of four right angles, the arc intercepted between any two radii may be 
considered as the measure of the angle which these two radii make 
with each other. 

Cor. 4. And hence we may further infer that with the same radius, 
equal angles have equal measures, that the arc of a semicircle is the 
measure of two right angles, and the arc of a quadrant, the measure of 
one right angle, 

TuHeorem VII. 


Tf two lines AB, BC, on opposite sides of the line B D, meet that 
line in the same point B, so as to make the adjacent angles A B D and 
D B C together equal to two right angles, these two lines AB and BC 
are in the same straight line. 


For if they are not in the same straight line, let A B D 
produced, be in the direction BE. Then the angles 
A BD and DB E together, are equal to two right I 


angles (Theor. 6.); and as AB Dand DBC together AWB 
are also given equal to two right angles; if the common 

angle A B D be omitted from each of these equal sums, the remaining 
angles DB E and DBC must be equal; a part to the whole, which is 
impossible. ‘The lines A B and B C are therefore not otherwise than 
in the same straight line, that is they form one straight line. Q. EH. D. 


TuoeoreM VIII. 


If two straight lines A B, DE, intersect each other in C, any two 
vertical or opposite angles, as A CDand BCE, are equal. 

For as A C meets DE in C, the angles AC D and 
AC Eare together equal to two right angles (Theo. 6.); A +0) 
and for a like reason the angles B C & and AC E are tLe To 
equal to two right angles. Hence the angles AC D 4 yh 
and A C FE together are equal to the angles B C E and 
A CE together; and by omitting from each sum the common angle 
AC E, we have the remaining angles A C D and BC E equal to each 
other. Q. E. D. 

TuHEoreM IX. 


If any side, as A B, of a triangle A BC be produced, as to D, the 
outward angle C B D is greater than either of the inward and opposite 
angles A and C., 
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For let BC be bisected in E, join A E, and pro- Cc F 
duce it till E F is equal to A BE, and join BF; then atid 
because A E is equal to E F, and B Eto EC, and VAG . 
the angle A E C to the angle F E B (Theo. 8.), there- A BY D 
fore the angle F B E is equal to the angle A C E G 
(Theo. 1.), and consequently the whole angle D B C is greater than 
the anele C. 

In the same way, by producing C B, and bisecting A B, it may be 
shewn that the angle A B G, which is equal to C B D, is greater than 
BAC. Q. E. D. 

THEOREM X. 


Any two angles, as ABC and BC A, of atriangle A BC, are together 


less than two right angles. 


For let A B be produced to D, then the angles A B C C 
and C B Dare together equal to two right angles; but ‘ : 
the angle C B Dis greater than the angle ACB; con-  ¢ BD 


sequently the angles A BC and A CB together are less 
than the two right angles. Q. EH. D. 


THEorREM XJ. 

In any triangle ABC if the side A B be greater than the side AC, 
the angle A C B, opposite the greater side, ts greater than the angle A B C 
opposite the less. ; 

For let A D be the part of A B which is equal to A C, 
and join DC; then because A C and A D are equal, the * 
angles A C Dand A DC are equal (Theo. 3.)._ But the 
angle A DC is greater than the angle DBC orABC A DB 
(Theo. 9.); whence A C Dis also greater than A BC. 

Much more therefore is the whole angle A C B greater than A B C. 
Q. E. D. | 

Cor, In any triangle, the greatest side has the greatest angle oppo- 

site to it, and the least side has the least angle opposite to it, 


Turorem XII. 
In any triangle A BC, if one angle, as A, be greater than another 
angle, as B, the side BC, opposite the greater angle, is greater than the 
side A C opposite the less. 


For if B C is not greater than A C it must be either c 
equal to it or less; BC cannot be equal to A C, for 
then the angle C A B would be equal to the angle 
A BC (Theo. 3.), which it is not, by condition; neither 4 B 


can it be less, for then the angle C A B would be less 
than A B C (Theo. 11.), which it is not, by condition. Hence as B C 
is neither equal to AC nor less than it, it must be greater. Q. E. D. 
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TuroremM XIII. 

If two triangles A B C, D E F, have two sides A B, B C, of the one 
respectively equal to D E, E F, two sides of the other, but the angle ABC, 
included by the two sides of the one, greater than the angle D E F in- 
cluded by the corresponding sides of the other; then the side A C 1s 
greater than the side D F. 

Let A BG be the part of the angle A BC B E 
which is equal to D E F, and let B G be equal 
toE ForBC. Then the triangles A BG, DEF 
are identical (Theo. 1.), and have the sides A G é C 
and DF equal to each other. Andas BC and G D FE 
B G are equal, the angles BC Gand B GC are 
equal (Theo. 3.); hence BGC is ereater than A C G, and much 
more is A GC greater than AC G; therefore (Theo. 12.) A C is 
greater than A G, or than its equal D F. Q. E. D. 


THroreM XIV. 

Tf two triangles A B C, D E F (see the last figure) have two sides 
A B, B C of the one respectively equal to D E, E F, two sides of the 
other, but the third side A C of the one greater than the corresponding 
side D F of the other, then the angle ms B C is greater than the angle 
DEF. 

If A B Cis not greater than D E F, it must either be equal to it, 
or less. But if ABC and D EF were equal, then A C and DF 
would be equal (Theo. 1.), which they are not; and if A BC were 
less than D E F, then A C would be less than D F (Theo. 13.), which 
it is not. Hence, as A B C is neither equal to D E F nor less, it must 


be greater. Q. E. D. 


THEOREM XV. 

In any triangle A B C, the sum of any two of its sides, as A C and 
C B, is greater than the remaining side A B. 

For let A C be produced till C D is equal to C B, and D 
join DB; then because C D is equal to C B, the angle Cc 
C DB is equal to the angle C BD (Theo. 3.) ; there- 
fore the whole angle A B D is greater than the angle 
C DBorADB; and consequently (Theo. 12.) the side = 5 
A D, or the sum of A C and C B, is greater than A B. Q. ED. 


TuHEorem XVI. 

In any triangle A BC, (Fig. Theo. 11.) the difference of any two 
of its sides, as A Band AC, is less than the remaining side B C. 

For let A D be the part of A B which is equal to A C, then D B is 
the difference of AB and AC; and as A Cand BC together are 
greater than A B (Theo. 15.), or than A D and D B together; if the 
equal parts A C and A D be taken from each sum, the remainder BC 
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must be greater than the remainder DB; or DB is less than BC. 
Q. E. D. | 


THeorem XVII. 

If a line E F intersect two parallel lines AB and CD, the allernate 
angles BE F and CFE are equal to each other. 

For if they are not equal, one of them must be 
ereater than the other. Suppose BEF to be the A. \g 
greater, and let DE F, a part of BE F, be equal to “i 
CFE. Then because EB is parallel to CF,ED 
which meets E B, will also if produced meet C F in : 
some point as D (Axiom 12). Then because E FC is the outward 
angle of the triangle F ED, it is greater than the inward and opposite 
angle FED (Theo. 9.); but these angles are also by supposition 
equal, which is impossible. ‘The angies B EF and C F E are there- 
fore not unequal, that is, they are equal to each other. Q. HE. D. 

Cor. A line which is perpendicular to one of two parallel lines, is 
also perpendicular to the other. 


Turorem XVIII! 

— Ifa line EF mect two other lines AB and C D, and the alternate 
angles BE F and EFC be equal, the lines A B and C D are parallel. 

For if C D is not parallel to A B, from F, the point 
in which E F meets CD, let F G be drawn parallel 4 AS ALB 
toA B. Then as the angles BEF and EFC are  G. 
equal by hypothesis, and the alternate angles B E F elaiiaas Meabes 8 
and EH I'G are also equal (Theo. 17.), the angle 
EEG must be equal to the angle EI'C; the less to the greater, 
which is impossible, Therefore no line passing through F, except 
CD, is parallel to AB; and consequently CD is parallel to AB. 
Q. E. D. 

Cor. Lines which are perpendicular to the same line are parallel to 
each other. 


Tueorem XIX 

If two parallel lines AB, CD, be cut by another line EH, in the 
points F and G, any outward angle, as EF A, is equal to the inward 
opposile angle F GC on the same side of EH; and any two inward 
angles, as AFG and F GC, on the same side of EH, are logether 
equal to two right angles. 

For the angle A FE is equal to BEG (Theo. 
8.), which angle is equal to FG@C (Theo. 17.); A 
hence the angles AF E and F GC are equal. But 
AF E aud A FG together make two right angles 
(Theo. 6.); therefore AF G and F GC together 
are equal to two right angles. Q. E, D. 


E 
\r B 
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Cor. 1. If a line meeting two other lines make the outward angle 
equal to the inward and opposite one, on the same side of the line; or 
if the two inward angles on the same side of the line be, together, 
equal to two right angles, these two lines are parallel. 

Cor. 2. If a line cut two other lines, and the outward angle be 
not equal to the inward and opposite one on the same side of the 
line; or if the two inward angles on the same side of the line are 
not together equal to two right angles; these two lines are not 
parallel, and they will therefore meet if produced. 


THEOREM XX. 


If any two lines, AB and CD, be each parallel to another line 
EF; the lines AB and CD are parallel to each other. 


For Jet the line GL cut the lines AB, CD, G 
and E F, in the points H, I, and K. Thenthe 4 Ne B 
angles GHB and HID, being each equal to ¢ \t D 
Ik (Theo. 19.), are equal to each other; » ie B 


therefore AB and C D are parallel (Theo. 19. 
cor. 1.). Q. ED. 


L 


THEOREM XXI, 


If two lines AC, A D meeting in a point A, be parallel to two other 
lines i B, BI’, meeting in another point B; the included angles C AD 
and EB F are equal to each other. 

For join A B and produce the line to G; then, as y B& 
the angle CAB is equal to the angle E BG, / 
and the angle DA B to -the angle FBG _ , 

(Theo. 19.); the equal angles BAD and GBF, © D KH EF 
taken from the equal angles BAC and GBE, leave the remaining | 
angles CA D and E B F equal to each other. Q. E. D. 


THEOREM XXII. 


Tf any side AB, of a triangle A B C, be produced, the outward angle 
CBD, is equal to both the inward and opposite angles BAC, and 
ACB, taken together. 

For let BE be a line parallel to AC. Then the 
angle C is equal to the angle C B E (Theo. 17.) ; / 
and the angle A to the angele E BD (Theo. 19.); , Ne 
hence the whole angle CBD is equal to the two A~73% 
angles A and C together. Q.E.D. 

Cor. The angle C is the difference between the outward angle 
CBD and the other inward and opposite angle A; and A is the 
difference between C B D and C. 


o 
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TuErorEM XXIIE. 


The three interior angles of any triangle A B C, are together equal to 
two right angles. 

For let AB be produced to D; then the angle 
CBD is equal to the angles A and C together 
(Theo. 22.). But the angles CBD and CBA are 
together equal to two right angles (Theo. 6.) ; 
whence the three interior angles ABC, ACB, and A B D 
BA C are together equal to two right angles. Q. E. D. 

Cor. 1. If two angles in one triangle be equal to two angles in 
another triangle, the remaining angles of those triangles are equal. 


C 


Cor. 2. If one angle in a triangle be equal to an angle in another 
triangle, the sums of the remaining angles in each triangle are 
equal. 

Cor. 3. If one angle in a triangle be a right angle, the other two 
angles, together, are equal to a right angle; and each of them is, 
therefore, an acute angle. 

Cor. 4. Every triangle has, at least, two acute angles. 


THEOREM XXIV. 


All the inward angles of any rectilineal figure A BC D E are toge- 
ther equal to twice as many right angles as the figure has sides, wanting 
four right angles. 

For from any point, F', within the figure, let lines D 
be drawn to its angular points, dividing the figure 
into as many triangles as it has sides. ‘Then, the F RC 
interior angles of each triangle being together equal 
to two right angles (Theo. 23.), the interior angles A B 
of all the triangles are, together, equal to twice as many right 
angles as the figure has sides. But the interior angles of all the 
triangles are the inward angles of the figure, and the angles about 
the point F; and the angles about the point F are four right angles 
(Cor. 2. Theo. 6.). Hence, the interior angles of the figure and four 
right angles, are together equal to twice as many right angles as the 
figure has sides; or the interior angles of the figure, themselves, 
are equal to twice as many right angles as the figure has sides, 
wanting four right angles. Q.E.D. 

Cor. 1. All the interior angles of any quadrilateral figure are 
together equal to four right angles. 

Cor. 2. If the sum of two angles of a quadrilateral figure be equal 
to two right angles, the sum of the remaining angles is also equal to 
two right angles. 
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THrorEM X XV. 

If the sides AB, BC, CD, &c. of any rectilineal figure be produced, 
the outward, or exterior angles, A, B, C, &c. are together equal to four 
right angles. 

For let the inward angles be denoted, as in the figure, 
by the letters, a, b, c, &c., then each exterior angle and 
its corresponding interior one, as A and a, B and 8, 
C andc, together make two right angles (Theo. 6.) ; 
therefore all the exterior and all the interior angles 


together make twice as many right angles as the figure 
has sides. But all the interior angles, and four right angles, are also 
together equal to twice as many right angles as the figure has sides 
(Theo. 24.). Hence the interior and the exterior angles of the figure 
are, together, equal to the interior angles of it and four right angles. 
If, therefore, the interior angles be omitted from each of these equal 
sums, the exterior angles will remain equal to four right angles, Q. E. D. 


TurorEM XXVI. 

In any triangle A BC, if one of the sides, as A B, be produced, and 
the outward angle CBD, and one of the inward and opposite angles, 
as BAC, be bisected by the lines B K and A E, meeting in EB, the angle, 
EK is equal to half the angle AC D, the remaining inward and oppo- 
site angle of the triangle. 

For the angle C B D is equal to the angles BAC P 
and AC B together (Theo. 22.) ; therefore E B D, ee 
which is the half of CBD, is equal to the half of ig: 
the angles BAC and BCA together, or to the /. é 
angle BA E and the halfof BCA. ButEBDis A B D 
also equal to the aneles B A E and E together (Theo. 22.). There- 
fore the angles BA E and E together, are equal to the angle BA E 
and half the angle C together; and hence, by omitting the common 
angle B A EK, we have the angle E equal to halfof BCA. Q.E. D. 


A 
°” 
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Tueorem XXVIT. 

If from a point A, a perpendicular A B be drawn to any line D E, 
this perpendicular is the shortest line that can be drawn from the point 
A to the line DE; and of other linesas AC and A.D, drawn from 
the same point A to the line D H, that which is nearer the perpendicu- 
lar is less than the one more remote. 

For the angle A BC being a right angle, the angle 1k 
ACB is less than a right angle (Cor. 3. Theo. 23.) ; 
hence the side A B is less than A C (Theo. 12.). Again, 
because ACB is less than a right angle, ACDis ®) CB FE 
greater than a right angle (Theo. 6.); and conse- 
quently the angle A D C is less than a right angle (Cor, 4. Theo. 23.) ; 
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and therefore, the side AC is less than the side A D (Theo. 12.), 
Q. E. D. 


TueoremM XXVIII. 

In any parallelogram A BCD, the opposite sides are equal to each 
other, and so also are the opposite angles; and the diagonal B D di- 
vides it into two equal triangles. 

For as A B and DC are parallel, the angles ABD 
and CDB are equal (Theo. 17.); and for a like a 
reason the angles AD B and CBD are equal; and en 
the side B D being common to both the triangles B DC ok b 
and DB A, they are identical (Theo. 2.) ; the triangle A B D is there- 
fore equal to the triangle B DC, the side A B to the side DC, AD 
to BC, and the angle A to the angle C; and as the two parts of the 
angle ADC are equal to the two corresponding parts of the angle 
ABC, the whole angles ADC and A BC are also equal. Q.E. D. 

Cor. If one angle of a parallelogram be a right angle, all its 
angles are right angles, and consequently all the angles of a rectangle 
are right angles, and a parallelogram which has one oblique angle has 
all its angles oblique. 


THEOREM XXIX. 


Any quadrilateral, ABCD (Fig. Theo. 28.), whose opposite sides 
A B,CD, and AD, BC are respectively equal, 1s a parallelogram. 

For let the diagonal B D be drawn; then as the triangles B A D, 
DCB, have the sides A B and D C equal, and also A D equal to BC, 
and the side BD common to both the triangles, they are identical 
(Theo. 5.); therefore the angles BDC and A B D are equal, and so 
are the angles A DB and CBD. Hence A B is parallel to C D, and 
AD to BC (Theo. 18.) ; and the figure is therefore a parallelogram, — 
Q. E. D. 

Cor. A square is a parallelogram, and hence also all the angles of a 
square are right angles (Cor. Theo, 28.). 


THEOREM XXX. 


The lines AD and BC (Fig. Theo. 28), which join the correspond- 
ing extremities A and D,B and C, of the equal and parallel lines 
A B and CD, are themselves equal and parallel. 

For let the points D and B be joined; then because AB and CD 
are parallel, the angles ABD and C DB are equal (Theo. 17.); and 
therefore, as AB is equal to CD, and B D common to both the tri- 
angles ABD and C DB, they are equal in all respects (Theo. 1.) ; 
consequently AD is equal to BC, and the angle AD B to the alter- 
nate angle DBC; and, therefore, AD and BC are parallel (Theo. 
1s.). Q. E, D. 
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Turorem XXXII. 


The diagonals AC, BD, of any parallelogram A BCD, bisect each 
other. 

For as the parallel lines A B,C D are cut by the lines 
AC and BD, the alternate angles BAE and DCE see 
are equal (Theo. 17.), and also the angles E BA and at ie 
CDE; and as AB is also equal to CD (Theo. 28.), an 
the triangles ABE, DCE are identical (Theo. 2.), and have A E 


equalto HK C,and BE equaltoED. Q.E.D. 


THororem XXXII. 


If any two parallelograms, as ABCD, ABE F, be on the same base 
AB, and between the same parallels AB, and FC, these parallelograms 
are equal to each other. 

For FE and DC are equal, being each equal rR 
to A B (Theo. 28.); and ifthe common part ED \~77 5 
be added to each, the wholes FD and EC will / 
be equal. Now A F and B E are equal, and so are rae 
AD and BC (Theo. 28.); hence the triangles 
ADF and BCE are identical (Theo. 5.). If therefore each of these 
equal triangles be taken from the whole figure A BC F, the remainders, 
or the paralleloerams ABCD, and ABH F, must be equal. Q. E. D. 

Cor. If the diagonals A E and BD be drawn, the triangles A B EH, 
AB D, which are halves of the equal parallelograms AB EF, ABCD, 
are equal to each other. 


THeorem XX XIII. 

Parallelograms as ABCD, EF GH, which are upon equal bases, 
AB and EF, and between the same parallels AF and DG, are equal 
to each other. 

For HG, being equal and parallel to F,is 4, ¢ 1 ves 
equal and parallel to AB; hence AH and BG oy 
are equal and parallel (Theo. 30.); and ABGH J 
is therefore a parallelogram. But the parallelo- VY 
grams BD and BH, being on the same base 
AB, and between the same parallels AB and DG, are equal; and 
BH and H F, being on the same base H G, and between the same 
parallels HG and AF are likewise equal (Theo. 32.). Hence BD 
and H F, being each equal to A G, are equal to each other. Q. HE. D. 

Cor. 1. Ifthe diagonals AC and F H be drawn, the triangles A BC 
and E FH, which are halves of the equal parallelograms B D and 
kt G, are equal. 

Cor. 2. As all triangles on the same base, or equal bases, and 
between the same parallels, are equal, if therefore a triangle and a 
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parallelogram be on the same base, or on equal bases, and between the 
same parallels, the parallelogram is double the triangle. 


THororeEM XXXIV. 

If AC, one of the sides of any trapezoid A B DC, be bisected in E, 
and EF be drawn parallel to AB orCD, the parallel sides of the 
trapezoid, cutting BD, the remaining side, in F, E F is equal to half 
the sum of AB and CD. 

For through E draw GH parallel to DB, meeting 
C D in Gand BA, produced, in H. Then EF is equal s/f 
to BH or GD (Theo. 28.); and as A E is equal to 
EC, the angle AEH to the vertical angle GEC C© D 
(Theo. 8.), and the angle EA H to the alternate angle EC G (Theo. 
17,), the triangles EH A H and ECG are identical (Theo. 2.), and have 
the sidesA H andCG equal. Hence E F is as much greater than 
AB as itis less than C D, and it is consequently equal to half their 
sum. Q.E. D. 

TurorremM XXXV. 

If two triangles as ABC, DEF, have two sides AB, BC of the 
one, equal respectively to two sides DE, D F of the other, and the con- 
tained angles FD HE, ABC together equal to two right angles, the 
triangles are equal. 

For conceive the point C to be laid on the 
point I’, and the line CB on the line FD; 
then because these lines are equal, the points 
B and D will concide. Let the pointA fall A B G OD E 
at G; then as the angles A BC and FD E, orG DF and FD EK are 
together equal to two right angles, the lines GD and DE form one 
straight line (Theo. 7.); and consequently as DE is equal to D G, 
the triangles F D E and G DF, or FD E and A BC are equal (Cor. 1. 
Theo. 33.). Q.E.D. 


Cc F 


TuErorem XXXVI. 

If #0 equal triangles, as AC B, AD B, be on the same base A B, 
and on the same side of it, the line D C, which joins their vertices, is 
parallel to the base A B. 

For if DC is not parallel to A B, let DE meeting AC D C 
in E be parallel to A B, and join BE. Then the triangle 
ADB is equal to the triangle AEB (Cor. Theo. 32.) ; 
but the triangle A D B is also equal to the triangle ABC, A b 
by condition; hence the triangles ABE and ABC are equal, a part 
to the whole, which is impossible. No line therefore drawn from D, 
except that of which DC is a part, can be parallel to A B, and D C is 
consequently parallelto AB. Q.E.D. 


Cor, 1. Equal parallelograms, on the same base, and on the same 
side of it, are between the same parallels, 
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Cor. 2. Equal triangles, or equal parallelograms on equal bases, in 
the same straight line and on the same side of it, are between the 
same parallels. 


? TueoremM XXXVII. 

If any two parallelograms, A C, E G, have two sides AB, AD, and 
the contained angle BAD in the one, equal to two sides EF, EH, 
and the contained angle F EH in the other, these parallelograms are 
equal. 

For let the diagonals DB, and FH be rt RE Y 
drawn. Then the triangles AB DandE FH 
are identical (Theo. 1.) ; and consequently ¥ \ 
as the parallelograms are doubles of these » Coy EL & 
equal triangles, they are equal to each other. Q. E. D. 

Cor. 1. Rectangles contained by equal straight lines are equal to 
each other, 

Cor. 2. The squares on equal lines are equal to each other. 


Tueorem XXXVITII. 

If ABC D be any parallelogram, and BD a diagonal of it ; and if 

EIF be drawn parallel to A B or C D, and GIB parallel to AD or 

B C, making the parallelograms H F and EG about the diagonal BD; 

the remaining parts AIT and IC, called the complements of the paral- 
lelograms H F and E G, are equal to cach other. 

For the parallelograms AC, H F, and E G, being 


each bisected by the line DIB, the triangles A B D aS v 
and D BC are equal; and so are the triangles BHI 7 
and BF I, DEI and DGI (Theo. 28.);_ there- 

A. B 


fore the remaining or complementary parts A I and 


IC must also be equal. Q. E. D. 


THroREM XXXIX. 


Let AB be any line, and BC another, divided into any number of 
parts BD, DE, andEC; the rectangle contained by A B and B C is 
equal to the rectangles contained by A B and BD, A B and DE, and 
A Band EC; an equality which is commonly expressed thus, AB. BC 
=AB.BD+AB.DE+AB.EC. 

For let AC be the rectangle contained by ABand p, py pp 
BC, and let D F and E G be drawn parallel to AB; 
then A C is the sum of the rectangles A D, F E, and | 
GC. NowAD is contained by AB andBD,FE A FG H 
by FD and DE, and GC by GE and EC; and as DF and E G are 
each equal to AB, these rectangles are equal to the rectangles con- 
tained by AB and BD, AB and DE, and AB and EC, Hence 
AB.BC=AB.BD+AB.DE+4 AB.EC. Q.E.D. 


O3 
Lo 
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If AB be represented by a, BD, DE, and EC by 6,c, and d 
respectively, then BC will be represented by 6 +c-+d, and the 


rectangle a.b + c + d will be equal to ab + ac + ad. 

Cor. If a straight line be divided into any number of parts; the 
rectangles under the whole line and each of the parts of it, will be 
equal to the square of the whole line; for if A B were equal to BC, 
B H would be the square of A B or BC. 


THEOREM XL. 


If a straight line AB, be divided into any two parts AC, C B, the 
rectangle of the whole line AB, and one of the parts, as AC, will be equal 
to the square of that part, and the rectangle contained by the two parts 
A ClandBC. *OrA B.A C= A.C? 4+. A Cie 


For let AD be perpendicular to A BG and equal to 4 ¢ B 


AC, and let DF be parallel to AB, and BF, CE, eed 
each parallel to AD. ‘Then as C E is equal to A D or : a 
AC, and the angle at A is a right angle, AE is the 
square of AC, and C F is the rectangle of BC and CE, or of BC 
aud CA. But the sum of the square A E and the rectangle E B, is 
the whole rectangle A F, which is contained by A B and AD, or by 
ABand AC. HenceAB.AC=AC?+AC.BC. Q.E.D. 

Cor. 1. If AC, or AD be represented by a, and BC by 6; then 


A B will be represented by a@-+ 0, and a.a-+ 6 will be equal ‘to 
a -ad, 
Cor.2. 2AB.AC=2AC@ + 2AC.BC. 


Tueorem XLI. 

If a straight line, as A B, be divided into any two parts A F and FB, 
the square of the whole line A B is equal to the squares of the two parts 
AF and ¥ B, and twice the rectangle contained by those parts. That 1s 
AB or AR+FBR= AF? 4+ BF+2AF.FB. 

For let AC be the square on AB, and FI thesquare AF B 
on FB and produce FG and IG, till they meet DC y 
and AD in EK and H. Then as FE is equal to BC, 
and 1H to AB, and AB is equal to BC, therefore 
KF E,and HI are equal; and if from the equal lines D ie 
FE and H1, the equal lines FG and GI be taken, the remaining — 
parts G E and H G willbe equal; and because H E isa parallelogram, 
H D is equal to GE, and D Eto H G (Theo. 28.) ; consequently the 
sides of the parallelogram H E are all equal; and as the angle D is a 
right angle (Cor. Theo. 29.), H E is a square, and it is described on the 
Jine HG, or it is the square of the equal line A F. Further, the figuresAG 
and GC are equal to two rectangles contained by AF and FB; for 
E'G and G are each equal to F B, and IC is equal to AF. Therefore 
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the square of A B is equal to the squares of A F and FB, and twice 
the rectangle of A F and FB. Orif A F be represented by a, and 
F B by, thena+b =@+0+42ab. Q.E.D. 

Cor, If a line be bisected, the square of the whole line will be equal 
to four times the square of half the line. 


THEOREM XLII. 


Let A C andB C be any two lines, then the square of A B, the differ- 
ence of AC and BC, is less than the sum of the squares of | A C 
and B C by twice the rectangle of A Cand BC. OrA C—BC = 
ACF BC?—QAC. BC. 

For let A B D E be the square on the difference 
A B, AC FG the square on the line A ©, and 
BCIK¢ the square on B C, and produce E Dto H. 

Now A D is less than the. two squares A F and 
BI by the rectangles GH and HK; but GF is 
equal to A C; and if from the equal lines, A C and 
A G, the equal parts, A B and A E, be taken away, the remaining parts, 
G Eand BO, are equal; consequently E F is equal to the rectangle of 
AC and BC. 

Again, because A B and B D are equal, and BC and B K are also 
equal, AC is equal to DK; and BC is also equal to KI; conse- 
quently DI is equal to the rectangle contained by AC and BC. 
Hence the two figures, E F and D IJ, are two rectangles equal to those 
contained by AC and BC: and therefore the square of A B is less 
than the squares of A C and BC by twice the rectangle of A Cand BC. 
Or if AC be represented by a, and B C by 0, then a — b=2+h— 
2a6b. Q.E.D. 


TsEorEM XLIII. 


If ABand AC be any two unequal lines, the difference of their 
squares will be equal toa rectangle under their sum and difference. 


OrAB—AC2=AB+AC.AB—AC. i 


For let A B DE be the square of AB, and AC FG & 
the square of AC. Produce DBtill B K is equal to 
AC; draw KI parallel to A Bor ED, and produce A 
FC both ways till it meet 1 K and ED. 


Then the rectangles EF and CD together form the difference of 
the two squares AD and AF. But the rectangles EF and B [I are 
equal, for G F and B Kare each equal to AC, andG E is equal to- 
BC, being each equal to the difference of AB and AC, or of their 
equals, AK and AG. ‘Therefore the rectangles EF and C D are 

D 
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torether equal to the rectangles BI and CD, or to the whole rectangle 
DI; and consequently DI is equal to the difference of the squares 
ADand AF. But DI isa rectangle contained under DK the sum, 
and KI the difference of AB and AC. Hence the difference sof the 
squares of A B and AC is equal to the rectangle of their sum and 
difference. Or if A B be represented by a, and AC by 8, then a? — 6° 


=atb.a—b. QE.D. 


THErorEM XLIV. 


In any right-angled triangle A B C, the square on AC, the side oppo- 
site the right angle B, is equal to the sum of the squares described on 
AB and BC, the sides including the right angle. 

For let A D be the square on AC, A I the 
square on AB, and CL the square on BC. 
Produce A F tillitmeet G Tin H; and through 
B draw K BN E parallel to A F, meeting GI, 
produced, in K. Then because the angle C A H, 
adjacent to CA F, is aright angle, it is equal 
to BAG: from each take away the common 
angle B A H, and there remains the angle BAC, 
equal to the angle GAH. But the angles 
AGH and A BC, being right angles, are equal to each other, and 
AB is equal to AG. Hence A H is equal to AC or A F (Theo. 2.) ; 
and therefore the parallelogram AK is equal to the rectangle A E 
(Theo. 33.). But the parallelogram A K is equal to the square A I 
(Theo. 32.), for they are on the same base, A B, and between the 
same parallels, A B and GK. Consequently the square AJ, and the 
rectangle A EK, being each equal to the parallelogram A K, are equal 

‘to one another. In the same way, by producing D C and L M, may 

the square B M be shown to be equal to the rectangle C E; therefore 
the two squares A I and BM together are equal to the whole square 
AD. Q.E.D. 

Cor. Hence the square of either of the sides including the right 
angle, is equal to the difference of the squares of the hypothenuse and 
the other side: or equal to the rectangle of the sum and difference of 
the hypothenuse and the other side. 


THeorEM XLV. 


In any triangle, A BC, obtuse-angled, as at C, if a perpendicular, 
AD, be drawn from the vertical angle A to the base BC produced, 
the square of AB, opposite the obtuse angle, is greater than the 


squares of the other two sides B C and AC, by twice the rectangle of 
BC and CD. 
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For the square of A B is equal to the squares of A 
BD and DA (Theo. 44.) ; and the square of B D is 
equal to the squares of BC and C D, and twice the 
rectangle of BC and C D (Theo. 41.). Hence the ee 
square of A B is equal to the squares of BC, CD, B ¢ D 
and D A, and twice the rectangle of BC and CD. But the squares 
of CD and DA are together equal to the square of AC; hence the 
square of A B is equal to the squares of BC and CA, and twice the 
rectangle of BC and CD: or the square of A B is greater than the 
squares of BC and CA by twice the rectangle of BC and CD. 
Q. E. D. 

Cor. 2BC.CD=B A’—BC’—C A’?=B A’—(B C2? 4+ C A2) 


THeorEM XLVI. 


In any triangle A BC, if A D be a@ perpendicular drawn from the 
vertical angle A, on the opposite side BC, the square of' A B, opposite 
an acute angle, as C, is less than the squares of the other two sides 
AC and BC by twice the rectangle of BC and DC. 

For the square of AC is equal to the squares of A 
A Dand DC (Theo. 44.) ; and the square of B Cis vi 
equal to the squares of B D and D C, and twice the an 
rectangle of B D and DC (Theo. 41.). Hence the § tT) oc 
squares of AC and BC together are equal to the squares of BD 
and D A, twice the square of DC, and twice the rectangle of BD 
and DC. But the squares of B D and D A are together equal to the 
square of B A; and twice the square of DC, and twice the rectangle 
of BD and DC, are together equal to twice the’ rectangle of BC 
and DC (Cor. 2. Theo. 40.). Hence the squares of AC and BC 
are equal to the square of AB, and twice the rectangle of B C and 
DC; or the square of A B is less than the sum of the squares of AC 
and BC by twice the rectangle of BC and DC. Q.E., D. 

Cor. 2BC.C D=(BC?+ AC’) —B A* 


Turorem XLVII. 


In any triangle A B C (see the two preceding figures), if A D be a 
perpendicular from the vertical angle A, on the base B C, or on the 
base produced ; the difference of the squares of A B and A C is equal 
to the difference of the squares of B D and DC. 

For the square of A B is equal to the squares of A D and D B, and 
the square of A C is equal to the squares of A D and D C (Theo. 44.). 
_ Hence the difference of the squares of A B and AC is equal to the 
difference between the sum of the squares of A D and D B, and the 
sum of the squares of AD and DC;; or, as the square of A D is 
common to each of these sums, the difference of the squares of AB 

n2 
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and AC is equal to the difference of the square of BDand DC, 
Q. E. D. 

Cor. As the difference of the squares of any two lines is equal to 
a rectangle under their sum and difference, the rectangle under the 
sum and difference of AB and AC, any two sides of a triangle, is 
equal to the rectangle under the sum and difference of B D and DC, 
the segments of the third side, made by a perpendicular from the op- 
posite angle. 


Turorem XLVIII. 


If any straight line A B be bisected in C, and any other point D 
be tuken, either in the line, or in the line produced, the squares of the 
unequal parts, AD and DB, will together be double the squares 
of AC, half the line, and CD, the distance between the points of 
section. 

For draw CE perpendicular to iD i 


A B, and make it equal to AC or Jat 


CB; join AE and EB; and through x cma x BD 
D draw D F parallel to C E, meet- if . 
ing EB, or EB produced, in F; and 

through F draw G F parallel to A B, meeting EC, or EC produced, 
in G. Then because A C and C E are equal, and the angle AC His 
a right angle, each of the angles, C AE and C EA, is half a right 
angle. Fora like reason each of the angles) CEB and C BE (or 
DBF), is halfa right angle, and consequently the whole angle A E F 
is aright angle. And because D F is parallel to C E, F D B is equal 
to EC B (Theo. 19.), and it is therefore a right angle; hence B F D 
is half a right angle; and: consequently B Dis equal to D F, orC G 
(Theo. 4.); and for alike reason C D or G F is equal to G E. 

Now the square of A E is equal to the sum of the squares of AC 
and C E (Theo. 44.); or, as these two lines are equal, the square of 
A E is double the square of AC. In the same way itmay be shown 
that the square of EK F isdouble the square of GF or CD. Andas 
AE Fis a right angle, the squares of A E and E F, which have been 
shown to be equal to double the squares of AC and C D, are together 
equal to the square of AF. But the squares of AD and D F, or of 
AD and DB, are also equal to the square of A F (Theo. 44.). There- 
fore the squares of AD and D Bare together equal to double the. 
squaresof A CandCD. Q. E.D. 


TuroremM XLIX. 

If the base AB of a triangle A BC be bisected in D, and the point 
D be joined to the vertex C, the squares of AC and BC, the other 
sides of the triangle, will together be equal to double the squares of 
A Dand DC. 
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For let C E be a line drawn from C, perpendicular to C 

A B; then because the square of AC is equal to the 

squares of AE and EC, and the square of B C is equal 

to the squares of BE and EC (Theo. 44.), the squares A DEB 
of AC and BC are together equal to the sum of the squares of AE 
and EB, and twice the square of EC. But the squares of A E and 
EB are together equal to double the squares of A D and D E (Theo. 
48.); hence the.squares of AC and BC are together equal to twice 
the sum of the squares of AD, DE, and EC. And as the squares 
of D E and E C are equal to the square of DC, double the squares 
of D E and C Eare equal to double the square of DC. Therefore 
the squares AC and BC are equal to double the squares of A D 
and DC. Q.E.D. 

Tuerorem L. 


In any quadrilateral A BC D, the sum of the squares of the sides 
AB, BC, CD, and DA, is equal to the sum of the squares of the 
diagonals A C and B D, and four times the square of EF, which joins 
the middle points of the diagonals. 

For the squares of AD and DC are, together, C 


equal to twice the squares of AE and ED; and the D 
squares of A B and BC are, together, equal to twice Da\ 
the squares of A E and EB (Theo. 49.) ; therefore jew 
the squares of A B, BC,C D, and DA together, are A “3 
equal to four times the square of A E, twice the square of B E, and 
twice the square of DE. But as the squares of BE and DE are 
equal to twice the squares of B F and F E, twice the squares of BE 
and DE are equal to four times the squaresof BF and FE. Hence 
the squares of AB, BC, CD, and DA, are equal to four times the 
squares of AE, BF, and F E. But the square of AC is equal to four 
times the square of its half A E, and the square of B D is equal to 
four times the square of its half B F (Theo. 41. Cor.); therefore the 
squares of A B, BC, C D, and D A, are equal to the squares of A C 
and BD, and four times the square of EF. Q.E.D. 

Cor. If ABCD bea parallelogram, then, as the diagonals of a 
parallelogram bisect each other (Theo. 31.), the squares of the four 
sides of any parallelogram are equal to the squares of its diagonals. 


Tueorem LI, 


Tf any point D be taken in ACB, the diameter of a circle ; that 
part of the diameter D B, which passes through the centre C, is greater 
than any other line DE that can be drawn from the point D to the 
circumference of the circle; and DE is greater than any other line 
D F similarly drawn from D to the circumference, but at a greater 
distance from D B. | 
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For join C E, C F; then as C Eis equal to C B, 
DC and CE are, together, equal to D B; and as 
D C and C E£, together, are greater than D E (Theo. 
15.), D B isalso greater than DE. Again DC and 
C E, two sides of the triangle D C H, are respestively 
equal to D C and C F, two sides of the triangle DC F, 
but the angle D C E is greater than the angle DC F; therefore the 
base DE of the triangle DC E is greater than the base D F of the 
triangle DCF. (Theo. 13.). 

Again D A, the difference of C A and C D, is the same as the differ- 
ence of C F and CD, which (Theo. 16.) is less than F D. 


Turorem LII. 


An angle A CB at the centre of a circle is double the angle ADB 
at the circumference, when both of them stand on the same_arc A B. 

For join DC, and produce it to 
E; then the angle ACE is equal 
to the sum of the angles C A D and 
C DA (Theo. 22.). But as AC is 
equal to C D, the angles C AD and 
C DA are equal (Theo. 3.); therefore A’ B 
the angle A C E is double of either of them, as ADC. Fora like reason 
B C Eis double of BDC; and, consequently, by addition or subtrac- 
tion, the angle AC B is double the angle ADB. Q.E. D. 

Cor. 1. As the angle ACB, at the centre, is measured by the are 
A B on which it stands, the angle A DB, at the circumference, is 
measured by half the are A B on which it stands. 

Cor. 2. All angles in the same segment of a circle, or standing on 
the same arc, are equal to each other; for each of them is equal to 
half the angle at the centre, standing on the same arc. 

Cor. 3. The angle in a semicircle is a right angle. For when AC 
and C B (first fig. of this prop.) become one straight line, A D B is a 
semicircle, and the angles AC E and BC E are together equal to two 

right angles; whence A DB, which is half the sum of A C E ii 
BC E, is in that case equal to one right angle. 


Turorem LIII. 
The sum of any two opposite angles, B AD and BC D, of a qua- 
drangle A BC D inscribed in a circle, is equal to two right angles. 
For the angle B A D is measured by half the are 
BCD, and the angle B C D by half the arc B AD 
(Cor. 1. Theo. 52.); therefore the sum of the angles 
BAD and BCD, is measured by half the whole 
circumference. But half the whole circumference 
is the measure of two right angles (Theo. 6. Cor. 3.). 
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Hence the angles B A D and BC D are, together, equal to two right 
angles. Q. E. D. 


Tueorem LEV. 


If any side, B A, of a quadrilateral ABC D (see the last figure), 
inscribed in a circle, be produced, the outward angle, D A E, is equal to 
the inward and opposite angle C. 

For the angles DAB and DAE are equal to two right angles 
(Theo. 6.), and the angles DA B and DCB arealso equal to two 
right angles (Theo. 53.). Hence, by omitting the common angle 
DAB from each sum, the remaining angles, D AE and DCB, are 
equal. Q.E.D. 


Tueorem LV. 


If, in a circle ABDC, there be drawn two parallel chords AB, 
C D, the intercepted arcs A C and BD will be equal. 
For join BC. Then, because A B and C D are 
parallel, the alternate angles A BC and DC B are 
equal (Theo. 17.). But the angle ABC is mea- A 
sured by half the are AC, and the angle DCB Cr 
by half the arc D B (Cor. 1. Theo. 52.). Whence 
the halves of AC and BD are equal, and conse- 
quently the whole arcs A C and BD are equal. Q.E. D. 

Cor. If A B move parallel to itself, till it comcide at G with the 
tangent E GF, the intercepted arcs, GC and GD, will be equal, 


Turorem LVI. 


If AB be a tangent to a circle, and AC a chord drawn from A, 
the point of contact, the angle BAC is equal to any angle in the 
alternate segment ADC. 

For from C draw the chord DC parallel to the eh OR 
tangent A B, and join A D. Then, as the arcs A C 
and A D are equal (Cor. Theo. 55.), the angles A DC 
and ACD are equal, being measured by the halves 
of the equal ares A C and A D (Cor. 1. Theo. 52.). aa C 
But the angle A C D is equal to the alternate angle 
BAC (Theo. 17.); therefore the angle B AC is equal to the angle 
ADC. Andasthe angle A DC is equal to any angle in the segment 
ADC (Theo. 52. Cor. 2.), the angle BA C is also equal to any angle 
in the alternate segment ADC. Q.E.D. 

Cor. As the angle ADC is measured by half the are AC, the 
angle BA C, made by the tangent A B, and the chord AC, is also 
measured by half the intercepted arc A C. 


a 
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Tueorem LVII. 


The angle DEB formed within any circle AC BD, by the inter- 
section of two chords A B,C D, is measured by half the sum of the 
intercepted arcs AC and BD. 

For join AD. Then the angle ADE or AD Cis AC 
measured by half the are A C, and the angle D A E, or 
D AB, by half the are B D (Cor. 1. Theo. 52.). But 
the angle DEB is equal to the sum of the angles /\ 
DAE and ADE (Theo. 22.); it is therefore mea- J 
sured by half the sum of the arcs AC and BD. 
Q. E. D. 


B 


THeorem LVITI. 


If two chords A B,C D, of the circle A B DC, meet when produced 
ina point FE. without the circle, the angle E is measured by half the 
difference of the intercepted arcs AC and BD. 

For join AD. Then the angle A D C is measured 
by half the arc A C, and the angle D A B by half the 
are D B (Cor. 1. Theo. 52.). But the angle D E Bis 
equal to the difference of the angles DA BandE DA 
(Theo. 22. Cor.); therefore the angle D EB is mea- 
sured by half the difference of the arcs AC and B D. 
Q. E. D. 

Cor. If one of the lines, as E C D, revolve round the point E, till 
the points C and D coincide in F, E F will then be a tangent to the 
circle, and the angle F EA will be measured by half the difference of 
the intercepted arcs A F and F B. 


Tueorem LIX. 


A line CD E drawn from the centre C to the middle of the chord A B 
as perpendicular to that chord ; and C DE, drawn from the centre C, 
perpendicular to the chord AB, bisects both the chord and the arc 
AEB. 

For let the two radii C A, C B be drawn, then, if 
A B be bisected in D, the two triangles AC D, BC D, 
have the sides AC and BC equal, AD and B D 
equal, and DC common to both; they are therefore 
identical (Theo. 5.), and have the adjacent angles 
A DC and BDC equal; these angles are conse- 
quently right angles, and C D is therefore perpendicular to A B. 

Again, if C D be perpendicular to A B, the angles CD A and CDB 
are equal; and CA being equal toC B, the angle C A B, or CAD, 
is equal to the angle C B A, or CBD (Theo. 3.); therefore A C D 
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and BCD, the remaining angles of each triangle, are also equal. 
(Theo. 23. Cor.1.) Hence, as AC is equal to C B, the triangles AD C 
and BDC will be identical (Theo. 2.), and consequently the side 
A D is equal to the corresponding side B D; and, as the angele AC D 
is equal to the angle BC D, the arc AE is equal to the arc BE, 
Q. E. D. 


e 
THEOREM LX. 


Let AB, CD be any two chords ina circle ABDC, and let GE, 
GF be perpendiculars drawn from the centre G, on the chords A B 
andCD. If AB and CD are equal, EG and GF are equal ; or if 
E Gand GF are equal, AB and C D are also equal. 

For draw the two radii AG, GC; then as A B and 
CD are bisected in E and F (Theo. 59.), if they are 
equal, their halves AE and CF are equal. But the 
square of AG is equal to the sum of the squares of 
AE and EG, and the square of GC is equal to the 
sum of the squares of GF and F'C (Theo. 44.) ; and 
as AG and GC are equal, their squares are equal. Hence the sum of 
the squares of AE and EG is equal to the sum of the squares of 
CF and FG; and if the squares of the equal lines A EK and C F be 
taken from each of these equal sums, the square of EG will remain 
equal to the square of GF, and consequently GE is equal to GF. 
In the same way it may be shown, that when GE is equal to GF, 
A E is equal to CF, therefore AB and CD, the doubles of those 
lines, are equal. 


AOE: 


TuHEeorEM LXI, 


If BD and BC be two unequal chords in a circle, the angle BA D 
at the centre, subtended by the greater chord B D, is greater than the 
angle BAC subtended by the less. 

For as the sides A D, A B, ofthe triangle D A B, 
are equal to the sides AC, AB, of the triangle 
CAB, but DB is greater than BC, therefore the 
angle DAB is greater than the angle CAB, p 
(Theo. 14.). | Cc 

Cor. 1. As the angle D A B is measured by the are DC B, and the 
angle CAB by the arc BC, therefore the arc DC B, subtended by 
the greater chord, is greater than the arc B C, subtended by the less. 

Cor. 2. In the same circle equal chords subtend equal arcs, or equal 
angles, whether at the centre or circumference ; and equal arcs, or 
equal angles, whether at the centre or the circumference, are sub- 
tended by equal chords. 
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Turorem LXII. 


If AC B, an angle at the centre of a circle, be the sixth part of four 
right angles, or the third part of two right angles, A B, the chord 
of the arc which measures the angle AC B, is equal to the radius 
of the circle. 

For as all the interior angles of a triangle are, toge- 
ther, equal to two right angles (Theo. 23.), if AC B 
be the third part of two right angles, the remaining 
angeles A and B will, together, be equal to two-thirds 
of two right angles. And as AC and BC are equal, A B 
the angles A and B are equai (Theo. 3.); and consequently each of 
these is equal to the third part of two right angles, or to the angle 
ACB. Hence the triangle A BC, being equiangular, is equilateral 
(Cor. Theo. 4.), or A B is equal to AC or BC. 

Remark. The circumference of a circle, or the measure of four 
right angles, is commonly divided, in practice, into 360 equal parts, 
called degrees; therefore the chord of 60 degrees, or the chord of 
the measure of the sixth part of four right angles, is, in any circle, 
equal to the radius; and hence if the chords of every arch in a circle 
of a given radius were arranged on a line, such a line, called a line 
of chords, would afford a convenient practical method of describing 
an angle, whose measure might be given in degrees, &c. 


Tueorem LXIII. 


If A B be the radius of a circle, then BC, a perpendicular on its 
extremity B, is a tangent to the circle 

For from any other point C, in the line BC, draw G C 
CD A to the centre A, meeting the circle in D. Then, 
because the angle A BC is a right angle, the angle 
AC B is less than a right angle (Cor. 3. Theo. 23.) ; A 
therefore AC is greater than AB (Theo. 12.), or 
than its equal AD; and consequently the point C is 
without the circle. In the same way every other point of the line 
BC, except the point B, may be shown to be without the circle; and 
therefore, as the line BC meets the circle in the point B only, it is a 
tangent to the circle. Q.E. D. 


— 


Tueorem LXIV. 


Tf BC (see the last figure) touch the circumference of the circle in 
B, the radius A B will be perpendicular to BC. 

For as BC touches the circumference in the point B only, every 
other point of BC is without the circle; A B is therefore the shortest 
line that can be drawn from the point A to the line BC; hence AB 
is perpendicular to BC (Theo. 27.). : 
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Turorem LXV. 


If BD touch the circumference of a circle in B, then B A, drawn 
perpendicular to B D, will pass through the centre of the circle. 

For if the centre of the circle be not in the line 
A B, let any point C out of that line be the centre of 
the circle, and join BC. Then the angle CBD 
being a right angle (Theo. 64.), it is equal to ABD, 
which is also, by condition, a right angle ; that is, the 
less angle is equal to the greater, which is impossible. sf A 
Hence, as no point out of the line B A can be the centre of the circle, 
the line B A passes through the centre. Q. E. D. 


Tueorem LXVI. 


In any circle ACD B, if the chord CD and the diameter A B, 
meet each other in G, the rectangle of GA, GB, the segments of the 
one, will be equal to the rectangle G C, GD, the segments of the other: 

For let DE be joined, and the 
perpendicular EF drawn to DC. 
Then, because D E is equal to EB, 
G B is the sum of GE and ED; and, 
because DE is equal to EA, AG 
is the difference of DE and EG. 
Again, because DF is equal to FC 
(Theo. 59.), GC is the difference of B 
the segments of the base DF and 
F G, made by the perpendicular HF’; and DG is the sum of the 
segments D F and F G. 

But the rectangle under the sum and difference of D E and E G is 
equal to the rectangle under the sum and difference of DF and FG 
(Theo. 47. Cor.) ; whence the rectangle of GB and GA is equal to 
the rectangle of GD and GC. Q.E. D. 

Cor. 1. As the rectangle of AG and GB, the segments of the 
diameter, is equal to the rectangle of GC and GD, the segments of 
any other line made by its intersection with the diameter ; it is evident 
that if any two lines drawn through the same point cut the circum- 
ference of a circle, the rectangle of the segments of the one is equal to 
the rectangle of the segments of the other. 

Cor. 2. If, when the point of meeting is without the circle, the 
line GC D revolve about the point G, till the points C and D coin- 
cide, as in H, GH is a tangent to the circle; and the rectangle of 
GC and G D is then the square of GH ; and hence also a tangent to 
the circle, drawn from G, on the other side of the diameter, is equal 
to the tangent GH ; or tangents drawn from the same point to the 
same circle are equal to each other. 
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OF PROPORTION. 


Proportion is the ratio, or numerical relation, which one quantity 
bears to another. 

Quantities between which proportion can exist, must be of the 
same kind, as a line and a line, a surface and a surface, a solid and 
a solid. 

A greater quantity is said to be a multiple of a less, when it con- 
tains the less a certain number of times without any remainder; and 
quantities so related are said to have the same ratio or proportion to 
each other, that unity, representing the less, has to as many such units 
as are contained in the greater. 

If a quantity, as A, be contained exactly a cer- A, 
tain number of times in another quantity, B, the | ,B,_, 
quantity A is said to measure the quantity B; and , , © . | 
if the same quantity A be contained exactly acer- ,D, 


tain number of times in another quantity C, A is nes ee 
also said to be a measure of the quantity C, and Re Sine eT er 
it is called a common measure of the quantities B and C; and it is 
evident that the quantities B and C bear the same relation to each 
other that the numbers do which represent the multiple that each quan- 
tity is of the common measure A. 

Thus, if B contain A three times, and C contain A also three times, 
Band C, being equimultiples of the quantity A, are equal to each other. 
And if B contain A three times, and C contain A four times, the pro- 
portion between B and C is the same as the proportion between the 
numbers 3 and 4. 

Again, if a quantity, D, be contained as often in another quantity, 
E, as A is contained in B, and as often in another quantity, F, as A is 
contained in C, the ratio of E to F, or the proportion between them, 
is the same as the proportion between B and C, and in that case the 
quantities, B, C, EK, and F, are said to be proportional quantities; a 
relation which is commonly expressed thus, B: C «- E: F. 

Hence, in finding the proportion between two quantities, it is neces- 
sary to refer to a quantity which is conceived to measure them both, 
and the method of finding such a common measure may be thus ex- 
plained by an example. 

Suppose it were required to find acommon A_ FB 
measure of the quantities AB and C D.. From 
the greater, CD, take the less, A B, as often CG.) Woe 
as it is contained in it; and from A B take 
the remainder, ED, as often as it is contained in it; and from E D, 
the first remainder, take F B, the second, as often as it is contained in 
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it, and so on, till nothing remains; then the last remainder is a common 
measure both of the original quantities, AB and CD, and of the 
several successive remainders. For as the last remainder measures 
the preceding one, and is also a measure of itself, it is a measure of 
the several parts of which the next preceding remainder is composed ; 
and it is therefore a measure both of each preceding remainder, and 
of the original quantities A B and C D. 

Let us, as an instance, suppose that C D contains A B thrice, with 
the remainder D.E; and that A B contains DE twice, with the re- 
mainder B F; and that ED contains B F twice exactly. Then AF, 
which is twice ED, contains B F four times; and therefore A B con- 
tains B F five times. Whence C E, which contains AB three times, 
contains B F fifteen times; and as E D contains B F twice, the whole 
CD contains B F seventeen times; and B F is therefore a common 
measure of A B and C D. 

The quantities to be compared may, however, be so related to each 
other, that the subdivision of the remainders, in the manner above 
described, will never terminate. Buteven in that case the operation 
may be continued till a quantity so small be obtained, that, on its 
being applied as a measure of the two given quantities, the remain- 
ders will be less than any quantities that can be assigned; and hence 
the difference of the proportion between the two given quantities, and 
the proportion between the numbers which represent the nearest mul- 
tiple that each of them is of this approximate common measure, will be 
indefinitely small; and the proportions may therefore be considered as 
identical. 


Turorem LXVII. 


Like multiples of any two quantities, A B and CD, have the same 
proportion as the quantities themselves. 

Let AB be to CD as any number 
(say 3) to any other number, as 4, or let “-++—4 
AB contain three such equal parts as C e d eD 
those of which C D contains four. Let | 
E f, f g, @ F, be any like multiples of 
menawy bh. Gh, hi,ik,kH,thesame’@ .~yR, ¢ An a2 
multiples of C c,c d, de,e D; then the 
whole of E F is evidently the same multiple of the whole of A B, and the 
whole of G H of the whole of C D, that each part of the one is of the 
corresponding part of the other. And as the parts A a, a 6, b B, Cc, 
e d, &e, are all equal, their like multiples E ff fg, Gh, &c. are also 
equal. Hence E F is to G H as 3 is to 4, which is the same propor- 
tion thatA Bhas toC D. In thesame way may the property be proved, 
whatever numerical relation A B may have toC D. Q.E.D. 
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Cor. As A B and C D are like parts of E F and G H, like parts 
of quantities have the same proportion as the wholes. 


Tueorem LXVIII. 


In any four quantities, AB, BC, DE, and EF, if AB: BC? 
DE: EF, then alternately AB: DE::BC: EF. 
If AB be to BC, or D Eto E F, as 


A B C 
any number, 4, to any number, 3; then a f 


4 


A B must contain four such equal parts, 
Aa, as those of which BC contains 
three, Bd; and D E must contain four such equal parts, D d, as those 
of which E F contains three, Ee. Hence A B is to D Eas Aa to 
D d (Theo. 67. Cor.); and BC also is to E F as Bdto Ee, oras 
Aato Dd; consequenty AB: DE::BC: EF. Q.E.D. 

Cor. [fA B:BC:: DE: EF,theninversely BC: AB:: EF: 
D E. 


Dd Bye ? 


TuHeoremM LXIX. 


In any four quantities, AB, BC, DE, EF (see the last figure), if 
AB: BC:: DE: EF, thenABt BC: AB, or BC?:: DEX 
EF: DEor EF. 

For A B+ BC, or AC, is to A B or B C as the number of parts 
in AC is to the number of equal parts in A B or BC; or as the 
number of parts in D Fis to the number of equal parts in D E or 
EF, that is,as DF to DE or EF. In the same way it may be 
shown that A B—BC:ABorBC:: DE—EF:DE or EF; 
andthatAB+BC:ABMBC::DE+EF:DEWEF. Q.E.D. 


THErorEM LXX. 


Triangles,as ABC, DEF, between the same parallels, A K, C F, 
or that have the same altitudes, are to each other as their bases, AB 
and DF. 

For let AB be to D Eas any number, 3, « nN 
for example, to any other number, as 4; 
that is, let A B contain three such equal 
parts, Aa, ab, 6 B, whereof D E contains 
four, De, ce, e f, f E; and join Ca, C 4, ATbB DECLE 
Fc, Fe, and Ff. Then the triangles CA a,C ab, ChB, F De, 
F ce, &c. are all equal (Cor. 1. Theo. 33.) ; and therefore the triangle 
A BC contains three such equal parts as those of which D F E con- 
tains four. Hence the triangle A B C is to the triangle D F E as3 is 
to 4, which is the same proportion that their bases have. Q.E. D 

Cor. Parallelograms and rectangles between the same parallels, or 
that have equal altitudes, are to each other as their bases. 
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THEOREM LXXI. 


If two triangles, A B C, DEF, stand on equal bases, AB, D E, the 
triangles are to each other as the perpendiculars, C H, FI, drawn from 
their vertices to their bases. 

Let B P be perpendicular to A B and 
equal to C H, and let B Q be equal to 
FI. Then the triangle A B Pis equal Q 
to the triangle A BC, and the triangle 
ABQtothetriangeD FE. ButABP A H BD Tk 
>-ABQ::BP: BQ (Theo. 70.); oo ABC: DEF::CH;:FI. 
Q. E. D. 

Cor. 1. Parallelograms on equal bases are to each other as their 
altitudes. 

Cor. 2. Rectangles on equal bases are to each other as_ their 
altitudes. 


Cia 
K 


Turorem LXXII. 


If four lines, A, B, C, D, be proportional, that is, fe 
if A: B::C: D, the rectangle under the extremes, B 
A and D, is equal to the rectangle under the means, =C— 
B and C, or A.D=B.C. sk) 

errs ts? Ae BoorC$ DPD; andC: D::B.C:BYD 
(Theo. 71. Cor. 2.); whence A. D:B.D::B.C:B. D;; therefore, as 
A.D and B. C have the same proportion to B.D, A. Dand B.C 
are equal to each other. Q.E. D. 

Cor. I. Since, by the rules ‘of proportion in numbers, when four 
numbers are proportional, the product of the extremes is equal to the 
product of the means; and, by this theorem, when four lines are pro- 
portional, the rectangle of the extremes is equal to the rectangle of the 
means ; it follows, that the area or space of a rectangle may be repre- 
sented or expressed by the product of its length multiplied by its 
breadth. And a square may be represented by the measure of its side 
multiplied by itself. So that the relations which exist among such 
products exist also among squares and rectangles. 


Cor. 2. When the two means are equal, their rectangle becomes 
a square; and hence it follows that, when three lines are propor- 
tionals, the rectangle of the extremes is equal to the square of the 
mean. 


THeoremM LXXITI. 


If two rectangles A.D and B.C (see the last figure) are equal, their 
sides are inversely proportional, or A? B:: C: D. 
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ForasA.D=B.C,thereforeA.D+:B.D::B.C: B.D. ButA.D 
>B.D::A:B; and B.C: B.D::C: D (Theo. 71. Cor. 2.) hence 
A:B::C:D. Q.E. D. 

Cor. If there be three lines, and the rectangle of the two extremes 
be equal to the square of the mean, these three lines are proportionals. 


TurorEM LXXIV. 


If three straight lines, A, B, and C, be proportionals, that is, if 
Av BeBe: Gothen Aj Gx AUB 

ForA: B:: A?: A B,andB: C:: B?: B.C (Theo, 71, Cor, 2.). 
Hence, if A: B::B:C, then A2; A.B::B?: B.C; A——— 
or (Theo. 68.) A? : B?::A.B: B.C. But (Theo. 71. B———— 
Cor.2 A.B:B.C::A? C3; therefore A?C:: A? 0 ee 
Q. E. D. 


Turorem LXXV. 


Any line, as B E, drawn parallel to C D, one of the sides of a tri- 
angle A C D, divides the other sides A C, A D in the same proportion, 
orsothat AB: ACS: AE: AD. 


Let C Eand BD be joined; then the triangles, A 
BC E, B D E, being on the same base B E, and be- 
tween the same parallels, are equal (Cor. Theo. 32.) ; B iD 
and if to each be added the triangle A B E, the tri- 
angles AC E and A BD are also equal, and they C€ D 


therefore have the same proportion to the whole triangle. But the 
triangle A BD is to the triangle AC Das A Bis to AC; and the 
triangle A C E is to the triangle AC D as A E is to A D (Theo. 70.). 
Hence ABistoACasA EKistoA D. Q.E. D. 

Cor. AB; BC::AE:ED,andBC: ACs; EDAD. 


TueorEM LXXVI, ( 


Equiangular triangles, as ABC, DE F, have their corresponding 
sides about the equal angles, as C and F, in the same Prone VIZ. 
CAC Be sd Det dy Ee 

Conceive the point F to be laid on the point 
C, and the line F D on tine line C A, and let the 
point D fall at G; then as F D coincides with alt Nat 
C G, and the angle F is equal to the angle C, 
the line F E will fall on the line C B. Let the 
point E fallat H. Now, as the angle F DE, or the angle C G H, 
is equal to the angle A, the line G H is parallel to the line A B; 
and hence CA: C B::C G: C H (Theo. 75.), or::F D: FE. 

In the same way it may be shown that AC : AB;:F D: D E, and 
thtAB:BC::DE: EF. Q.E.D. . 

Cor. Equiangular triangles are similar. 
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TuErorem LXXVII. 


IfABC bea triangle, right-angled at C, and CD be a@ perpendi- 
cular from the right angle C, on the hypothenuse AB, then AD: DC 
meee, ADS ACT AC TAD, and AB: BC:: BC! BD. 

For the triangles ABC, ADC, having the com- 
mon angle A, and the right angles ADC, and ACB \ 
equal, are similar (Cor. Theo. 76.); and in like man- et! i 
ner may Bb DC be shown to be similar to AC B. A DB 

Hence the triangles ABC, ADC, and BDC, are all similar, and 
consequently AD:CD::CD: DB, and AB: AC::AC: AD, 
and AB:BC::BC:BD (Theo. 76.). Q.E.D. 

Co, t° AGB SAD=AC, AB. BD=BC’, and AD. DB= 
DC. 

Pore ABSAD+ABL.BD=AC4+ BC: of AB DAC 
+ BC’, another proof of the property demonstrated in Theo. 44. 


TuEoremM LXXVILII. 


If the angle C, of the triangle A BC, be bisected by the line C D, then 
ACistoC Bas AD is lo DB. 


Let BE parallel to CD, meet AC produced in E. > 
Then AC; CE:: AD: DB (Theo. 75.). But as ieip 
the parallel lines DC and BE are cut by the line C 


A CH, the angles EK and AC Dare equal (Theo. 19) ; Wi 

‘and as the same parallel lines are cut by the line ops 
BC, the angles DC B and CBE are equal (Theo. 

17.). Hence, as ACD and DC B are equal, E, and C B E are equal, 
and consequently (Theo. 4.) C Eis equal to C B; therefore AC °C B 


--AD:DB. Q.E.D. 


THroremM LXXIX. 


IfA BC, DIE be two similar triangles, A B and D E sides oppo- 
site the equal angles C and F; the triangle ABC is to the triangle 
DFE as the square of AB to the square of D E, or as A B* to D EY. 

For let AK, DM, be the squares on AB 
and DE; BI and EL diagonals of these 
squares; and CG, FH, perpendiculars from 
Cand Fupon AB and DE. Then, as the 
angle CAG is equal to the angle F DH, and 
the angles AGC, DHF, being right angles, 
are equal to each other, the angles ACG, DF H, are also equal 
(Theo. 23. Cor. 1.) ; and consequently the triangles AC G and DF Hf 
are equiangular. Hence AC: DF 3: CG: FH (Theo. 76.). But 
AC: DF::AB: DBE, or:: AI: DL; thereforeCG:FH:; Al 
>DL; or CG: AI::FH: DL (Theo. 68.). But the triangle 

E 
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ABC isto the triangle ABI as CG is to AI; and the triangle 
D EF is to the triangle DL Eas F His to DL (Theo. 71.) ; therefore 
the triangle ABC is to the triangle ABI as the triangle DFE to 
the triangle DLE; or the triangle ABC is to the triangle DFE 
as twice the triangle AB I is to twice the triangle DLE, or as AK 
is to DM; that is, as the square of AB is to the square of DE. 
Q. E. D. 


THeoremM LXXX. 


If ABC DE be an equilateral polygon inscribed in the circle whose 
centre is M, and FG HIK an equilateral polygon of a like number 
of sides inscribed in the circle whose centre is L, the perimeter of the 
polygon ABC DE is to the perimeter of the polygon F G HIK, as the 
radius A M to the radius F L. . 

For join M to A, B, C, D, and E, and L to F, G, H, I, and K, 
then the triangles AM B, BMC, &c. 


KF 
being mutually identical; and the tri- A 
angles FLG, GLH, &c. being also p/Z& > ae K 
mutually identical (Theo. 5.), the an- Wi) 
gles AMB, F LG, are like parts of C Vy u ie 
ea | 


four right angles, and they are conse- 

quently equal. ‘Therefore, as the triangles are isosceles, the angles 
MAB, MBA, are respectively equal to the angles LF G, LG F. 
Whence the triangles are equiangular; and therefore MA: FU:: AB: 
FG (Theo. 76.), or :: the perimeter ABCDEA: the perimeter 
FG HIKF (Theo. 67.), since the perimeters are like multiples of 
ABand FG. Q.E. D. 

Cor. If we conceive the sides of the polygons to be indefinitely 
small, and their number to be indefinitely great, the property which 
has here been proved of equilateral polygons inscribed in a circle, will 
become a property of the circles themselves ; for the polygons will then 
coincide with the circumferences of the circles. Hence the circum- 
ferences of circles are to each other as their radii, or as their diameters. 


Turorem LXXXI. 


If ABC be a triangle, one of whose angles A C B is bisected by the 
line CE; the rectangle AC, CB is equal to the rectangle AE, EB, 
together with the square of C EK. 

Let ACBD, be a circle circumscribing the c 
triangle, and let C E, produced, meet the circum- . 
ference in D, and join DB, Then the angles , B 
CAE and CDB are equal, as they are in the 
same segment (Cor. 2. Theo. 52.) ; and the angles 
AC Eand DCB are equal also, because the line D 
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CED bisects the angle ACB. Hence the angle AEC is equal to 
the angle DBC (Theo, 23. Cor. 1.), and the triangles A EC and 
DB Care similar. Therefore AC; CE::CD: BC (Theo. 76.) ; 
and consequently AC. CB=CE.CD (Theo. 72.). But CE.CD 
= CH+ CE.ED (Theo. 40.), and CE.ED=AE.EB (Cor. 1. 
Theo. 66.) Hence AC.CB=AE.EB+CE* Q.E.D. 


TaeoremM LXXXIT. 


If C D be a diameter of a circle, circumscribing the triangle ABC, 
and CE a@ perpendicular from C on the opposite side AB; the rec- 
tangle A C.C B is equal to the rectangle DC.C E. 

Join DB. Then the angles CAH andC DB 
are equal, as they are in the same segment (Cor. 2. 
Theo. 52.), and the angle C BD, in a semicircle, 
being (Cor. 3. Theo. 52.) a right angle, is equal to 
the right angle CEA; therefore the angles AC E 
and DC B are equal (Theo. 23. Cor. 1.), and the 
triangles AEC and DCB aresimilar. Hence AC: CE:: DC: 
CB (Theo. 76.); and consequently AC.CB=CD.CE (Theo. 
ieee ts. 1). 


TuHeoremM LXXXIII. 


If ABCD be a quadrilateral inscribed in a circle, the rectangle 
A C.BD is equal to the two rectangles AD.BC,and AB.DC. 

From C let CE be drawn, making the angle 
D CE equal to the angle AC B. Then as the angles 
CDE, CAB, standing on the same segments, are 
equal (Cor. 2. Theo. 52.), the angles DEC and 
ABC are equal (Theo. 23. Cor. 1.). Hence the <4 
triangles D EC and A BC are similar, and conse- . 
quently AB: AC:: DE: DC (Theo. 76.). Whence AB.DC = 
AC.DE (Theo. 72.). Now, if from the equal angles DC E and 
A C B, the common angle A C E be taken away, the remaining angles 
DCA and ECB will be equal; and the angles EBC and DAC 
standing on the same segment are equal (Cor. 2. Theo. 52.) ; there- 
fore the angles A DC and BE C are equal (Theo. 23. Cor. 1.); and, 
consequently, AD: AC::BE: BC (Theo. 76.), o AD.BC= 
AC .BE (Theo. 72.). But it has been shown, that AB.DC= 
AC.DE, therefore AB.DC +AD.BC=AC.DE+AC.BE= 
AC.DB (Theo. 39.). Q.E. D. 


Tueorem LXXXIV, 


Let AB, an arc of a circle, be bisected in C; draw the chords A B, 
AC, and BC; and to any point, D in the circumference, draw A D, 
BD,andCD;thenAC:AB::CD:AD+DB. 

E2 
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For (Theo. 83.) AB.CD=BC.AD+AC.DB D 
-AC:AD+AC.DB = (Theo. 39.) AC. 
AD+DB. Hence(Theo. 73. AC:AB::CD: {| 
AD+DB. | \/ se 


ON THE INTERSECTION OF PLANES. 
DEFINITIONS. 


1. A srrarcur line is perpendicular to a plane when it makes right, 
ee with every straight line which it meets in that plane. 

. Two planes are perpendicular to each other when any straight 
ee drawn in one of the planes, perpendicular to their common section, 
is perpendicular to the other plane. 

3. If two planes cut each other, and from any point in the line of 
their common section, two straight lines be drawn, at right angles 
to that line, one in the one plane, and the other in the other plane, 
the angle contained by these two lines is the angle made by the 
planes. 

4, A straight line is parallel to a plane when it does not meet the 
plane, though produced ever so far. 

5. Planes are parallel to each other when they do not meet, though 
produced ever so far. 

6. A solid angle is one which is formed by the meeting, in one point, 
of more than two plane angles, which are not in the same plane with 
each other. 


THreorem LXXXV. 


If any three straight lines, AB, CD, C B, meet one another, as in 


C, B, and E, they are in one plane. 
For conceive a plane passing through BC to revolve about that 


line till it pass through the point E. Then because the AD 
points K and C are in that plane, the line EC is in it; WY. 


and, for the same reason, the line EB is init; and BC 

isin it, by hypothesis. Hence the lines A B, C E, and 

BC are all in one plane. C B 
Cor. Any two straight lines which meet each other 

are in one plane; and any three points whatever are in one plane. 


Turorem LXXXVIL. 


If two planes, as A E, C F cut one anothe. ti the line of their common 
section is a straight line. 
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For let B and D, any two points in the line of their common 
section, be joined by the straight line BD; then a 
because the points B and D are both inthe plane ™* Saeaey 
AE, the whole line BD is in that plane; and, Cc | i | 
for the same reason, BD is in the plane CF. rw era iA 


The straight line B D is therefore common to both 
planes; and it is therefore the line of their common section. 


THEorEM LXXXVII. 

If a@ straight line,as A B, stand at right angles to each of two other 
straight lines, as AC, AG, at A, their point of meeting ; AB is also at 
right angles to the plane passing through AC, AG. 

For through A, in the plane passing through AG and AC, draw 
any line AE; and from any point Ein that linedraw EF 8B. 
parallel to A G, meeting AC in F. Make FC equal to IN 
AF; join C E and produce it till it meet A Gin D; and | ware : 
jon BD, BE, and BC. Thenas FE is parallel to A D, eG! 
CF: FA:: CE: ED (Theo. 75.); and as CF is . QE 
equal to FA, CE is equal to ED. ‘Therefore C A D and BY 
CBD are triangles, whose bases are bisected in E3; and hence 
(Theo. 49.) D A2+ A C?=2 DE?+2 E A’; to each of these equals add 
2A BY, and we have A D?+A B24+-AC?+A B?= 2D F?+2 E A?+ 
2A B. But AD2?+A B’=B D? and AC?+A B°=BC?; and BD? 
+BC?=2DE?+2 EB. Hence, 2 DE’?+2E B=2 DE’+2EA! 
+ 2A B?; and omitting 2 DE? from each, and taking the half of each 
remainder, we have EF B= FE A®+ A B®; whence the angle BAH isa 
right angle. Hence as B A is perpendicular to any line which it meets 
in the plane GAC, it is perpendicular to every line which it meets in 
that plane, and therefore it is perpendicular to the plane itself. 


TuroremM LXXXVIITI. 

If a straight line, as AB, stand at right angles to each of three 
straight lines, as BC, BD, BE, at B, their point of meeting, these 
three straight lines are all in one plane. 

If not, let BD and BE, if possible, be in one plane, and BC 
above it; and let the plane passing through A B and 
BC meet the plane in which BD and BE are, in * 
the straight line BF. Then because AB is at right 
angles to BD and BE at their point of meeting, itis <p 
also at right angles to B F, which it meets in the plane ana 
of BD and BE. But AB is also by hypothesis at E 
right angles to BC, and therefore the angles A BC, F 
A BF, in the same planes, are equal to each other, which is impossi- 
ble. BC is therefore not out of the plane of BE and BD, therefore 
the three lines B C, B D, and BE, are all in one plane. 


\ 
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Tutorem LXX XIX. 

If two straight lines, as AB, CD, be at right angles to the same 
plane, as BD E, A B ts parallel to C D. 

In the plane BD E draw DE at right angles to BD, take any 

point E in it, and join EA, EB, and AD. Then the 


square of EA is equal to the squares of EB and BA; ‘2 y 
and the square of EB is equal to the squares of 

ED and DB (Theo. 44.). Hence the square of E A is zB HS 
equal to the squares of ED, DB, and BA; and as 

the squares of BD and B A are equal to the square of E 


D A, the square of EA is equal to the sum of the 

squares of ED and DA; and consequently EDA is a right angle, 
ED being therefore at right angles to BD, AD, and CD, these 
three lines are all in one plane (Theo. 88.). But A D and B D are in 
the same plane with A B (Theo. 85.). Hence A B and C D are in one 
plane; and as each of the angles A B D, C DB isa right angle, AB 
is parallel to C D (Cor. 1. Theo. 19.). 


Turorem XC. 

If AB, one of two parallel straight lines, be at right angles to a 
plane, as EF, the other CD is also at right angles to the same plane. 

For if CD be not perpendicular to the plane E F, let DG be per- 
pendicular to it. Then as AB and DG are per- & Gece 
pendicular to the same plane, they are parallel to | 
each other (Theo, 89.). Hence DC and DG@drawn EF \ 
through the same point are parallel to the same \'b bb | 
straight line, which is impossible. Therefore no Mf 
line drawn through D, except DC, is at right angles to the plane 
EF; and DC is consequently at right angles to it. 


Turorem XCI. 

IfA B, CO, any two lines, be each parallel to another line EF, 
though not all three in the same plane, AB and CO are pil alae 3 to 
each other. 

From any point G in EF, let GH be drawn, at right angles to 
EF, in the plane passing through AB and EF; a H B 
and in the plane passing through E F and C O let Guede 
GK be drawn also at right angeles to EF. Then a aaa 
as EF is perpendicular to G H and G K, it is per- ae le 
pendicular to GHK, the plane passing through 
them (Theo. 87.). And as E F is parallel to AB, A B is also at right 
angles to the plane GH K (Theo. 90.). For the same reason C O is 
at right angles to the plane G H K, and hence A B and C O being at 
right angles to the same plane, are.parallel to each other (Theo. 89.). 
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Turorem XCII. ~ 

If two straight lines, as A B, BC, which meet one another, be parallel 
to two other straight lines, as D E, EF, that meet one another, but are 
not in the same plane with AB, BC; the angle ABC is equal to the 
angle DEF. 

Take BA, BC, ED, EF, all equal to one another, and join 
AD, CF, BE,AC,and DF. Then as AB is equal 
and parallel to D KE, A D is equal and parallel to B E pee 
(Theo. 30.). For the same reason C F is equal and oe 
parallel to BE. Hence A D and C F being equal and | 
parallel to the same straight line are equal and paral- 
lel to each other (Theo. 91.) ; and consequently AC 
and D F are equal and parallel (Theo. 30.). Therefore 
the triangles ABC, DEF, having A B and BC equal respectively to 
D E and EF, and AC equal to D F, have also the angles A B C and 
D EF equal (Theo. 5.). 


Turor—em XCIII. 

If any straight line, AB, be at right angles to a plane, C K, any 
plane, D E, passing through A B, is at right angles to the plane C K. 

For let CE be the common section of the planes DE, CK; and 
from any point F in C E, draw FG in the plane 
DE, at right angles toC HE. Then as A B is per- 
pendicular to the plane C K, it is perpendicular to K 
CE meeting it in that plane; therefore A BF is 
a right angle; and as GF'B is also a right angle, ©7477 
G F is parallel to A B (Cor. 1. Theo. 19.). Hence 
as A B is at right angles to the plane CK, FG is at right angles to 
the same plane (Theo. 90.); and consequently the plane DE is at 
right angles to the plane C K (Def. 2. p. 52); and thus may any other 
plane passing through AB be shewn to be at right angles to the 
plane C K. 


De GA TH 


9 TurorEmM XCIV. 


If each of two planes A B, BC be perpendicular to a third plane 
AD C, the common section B D of the first two planes, is also perpen- 
dicular to the third plane. 

For from D in the plane A DC draw D E per- 
pendicular to A D, and DF perpendicular to D C. “B 
Then as D E is at right angles to D A, the common 
section of the planes AB and ADC, and those 
planes are at right angles to each other, therefore <a 
E D is at right angles to the plane A D B, and con- C 

. A HE 
sequently to DB. For the same reason D IF is at 
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right angles to DB; and hence as BD is at right angles to both 
DF and DE at their point of meeting, it is at right angles to the 
plane A DC in which these lines are (Theo. 87.). | 


THEOREM XCY. 


If a solid angle as A, be contained by three plane angles, as BAC, 
CAD, DAB, any two of these plane angles are greater than the 
third. 

If the angles BAC, CAD, DAB, be all equal, it is evident that 


any two of them are greater than the third. If 


they are not all equal, let B AC be the greatest of 

them ; and in the plane BAC, draw the line A E, San 
making the angle BA E equal to the angle BAD; pe \ 
make A E equal to AD, and through E draw any EC 


straight BEC, cutting AB and AC in B and C, 
and join BD,CD. ‘Then as DA is equal to A &, the angle BA D 
to the angle BAE, and the side BA common to the two triangles 
BAD and BA E, their bases B D and B E are equal (Theo. 1.) ; and 
consequently EC is the difference of B C and B D, and it is less than 
DC the other side of the triangle BDC (Theo. 16.). Now DA and 
AE are equal, and AC common to the triangles DAC and EAC, 
but DC the base of the triangle DAC is greater than EC the base 
of the triangle EAC; therefore the angle DAC is greater than the 
angle EAC (Theo. 14.). But DAB and EAB are equal by con- 
struction, whence DA B and DAC together are greater than BA E 
and HAC together, or than BAC. Andas the least two together 
exceed the greatest, it is evident that any two of them together are 
ereater than the third. 

Cor. A C being less than DAC, if a solid angle be contained by 
three plane angles, the difference of any two of them is less than the third, 


TurorEM XCVI. 


If A be a*solid angle contained in any number of plane angles 
BAC,CAD, DAE, EAB, these plane angles together are less than 
four right angles. 

Let the planes which contain the solid angle at A be cut by another 
plane, and let the section of them by that plane 
he the rectilineal figure BC DE. Then the solid A 
angle,at B being contained by three plane angles, 
any two of these angles, as ABE, A BC, are 
ereater than the third EBC (Theo. 95.). For B 
the same reason the angles AC D and AC B are 
together greater than BCD; ADC, and ADE 
greater than DE; and AE D, and AEB ereater 
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than DE B. Hence the angles at the bases of the triangles, which 
have their common vertex at A, are greater than the interior angles 
of the rectilineal figure BC DE. But all the angles of the triangles 
BAC,CAD, DAE, BAE, are equal to twice as many right angles 
as there are triangles, or as there are sides in the figure B C D E; 
and the interior angles of that figure, together with four right angles, 
are also equal to twice as manyright angles as the figure has sides 
(Theo. 24.). Therefore all the angles of the triangles are equal to all 
the angles of the figure, together with four right angles. And as all 
the angles at the base of the triangles are greater than all the interior 
angles of the figure, the remaining angles of the triangles, or those 
which contain the solid angle A, are less than four right angles. 


GEOMETRICAL PROBLEMS. 


Prozsiem I. 
To bisect a given straight line AB. 


From the points A and B, as centres, with any distance greater 
than half A B, describe arcs cutting each other in 7 and 
m. Join mm, and the point C where it cuts A B will 
be the middle of the line required. 

For join A n, A m, Bn, and Bm; then because A n 
and A m are respectively equal to Bm and Bm, and 
m m is common to both the triangles, A m n, and 
Bmn, the angles Anm and Bnm, or AnC and 
Bn C are equal. And henceas A 7 and B n are equal, 
and 2 C common to both triangles, the sides, A C and B C, are equal ; 
or A B is bisected in C. , 


Prosiem II. 
To bisect a given angle ABC. 


From the angular point B, with any radius, describe the arc A C, 
and from the points A and C, with the same, or any 
other radius, describe arcs cutting each otherinn. Join 
B n, and the line B 7 bisects the angle A B C. 

For join A n, C n, then as A B is equal to BC, A 7 to 
C n, and B nis common to both the triangles A B m and 
C Bn; therefore the angle A B nis equal © the angle “yf. 
C Bz; or A B Cis bisected by Bz. a 
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Prosiem III, 


From a given point C in a given line A B to draw a perpendicular. 

lst. When the point is near the middle of the line. 
On each side of the point C take any two equal distances C n, C m; 

and from 2 and m with any radius greater than C 

or C m, describe arcs cutting each other in s. “ie 

Through s and C draw the line s C, and it will be 

the required perpendicular. 
For join s m, sn; then as these two lines are “& 7 


equal, 2 C equal to m C, and Cs common to the triangles n Cs,mC s, 
the angles mC s andn C s are equal; and therefore s C is perpendicu- 
lar to A B. 

2d. When the point is at or near the end of the line. 

Take any point o as a centre, and with the radius 0 C describe 
an arom C n, cutting A Bin mand C. Through 


m and o draw the line mon, cutting the are in ‘fs 
m. Join nm C, and it is the required perpendicu- on 
lar. Age 


For the angle mC m being an angle in a semi- 
circle, is a right angle, and therefore x C is perpendicular to A B. 


Prosiem IV. 


From a given point C out of a given line A B, to draw a@ line per- 
pendicular to A B. 

Ist. When the given point is nearly opposite the midds of the line. 
Take any point o on the other side of the line AB, and from the 
centre C with the radius C o describe an are 
nom cutting ABinnand m. From n, m, with 
any radius greater than half mm, describe arcs 
cutting each other ins. Through the points C, 
s, draw the line C Gs, and C G will be the per- 
pendicular required. 

For let nC, ns, mC, ms, be joined; then it 
may be shewn as in the demonstration of Prob, I. that the angles 
n GC and mGC are equal, and C G is consequently perpendicular 

~ to B. 
. When the point is nearly opposite the end of the line. 

tis any point m in the line A B draw the 
line C m, and bisect it in the point 2. From n 
with the radius 2 m or nm C describe the are 
C Gm cutting A BinG. Through C and G 
draw the line C G, and it is the perpendicular re- 
quired. | 
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For m G C being an angle in a semicircle is a right angle, therefore 
C Gis perpendicular to A B. 


Propiem V. 


At a given point D in a given line D E to make an angle equal to a 
given angle A BC. 

From B as a centre with any radius describe the arc 2 m cutting 
BA, BC in the points m, n; and 
from D with the same radius describe ve 
the arcrs. Take the distance m 7 wg 
and apply it tothearersfromyrors. ‘ 

: : B we NK 6p Tee 
Through the points D, s, draw the line ; 
D F, then the angle ED F is equal to the angle A BC. 
For let m, nm and s, 7 be joined; then the triangles B 2 m and D sr 
having B n and B m equal to Ds and Dr, and n m equal to sr, have 
the angles B and D, are equal. 


Prosiem VI. 


At any point Bin a given line B A (see the last figure) to make an 
angle of a given number of degrees, or points of the compass. 

With the centre B and the chord of 60 degrees as a radius, taken 
from any line of chords, describe the arc m,m; and from the same 
line of chords, or from a line of rhombs or points adapted to the same 
radius, take the chord of the preposed arc; with which as a radius 
from the centre m, cross mn inn, and join Bn; then the angle n Bm 
is the required angle. ! 

If the anele is too great for its chord to he obtained at once, take 
the chord of its half, and laying it from m to m, repeat it again from 
on the are mm produced, and joining the second point to B, the 
required angle will be obtained. 


Prosiem VII. 

Through a given point C, to draw a line parallel to a given line AB. 

From C to A B draw any line C D; then through C draw the line 
C E, making the angle D C E equal to the angle 
C D A; and C Eis the required line. 

For the alternate angles A D.C and DC E being : 
equal, the lines A D and C E are parallel. cy + OF 

Note. This problem is most conveniently performed by means of 
a parallel ruler, 


ee Vv 
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Prosnem VIII. 


To draw a line parallel to a given line A B, at a distance from it 
equal to another given line C D. 

At any point Ein A B, erect the perpendicular E F, and make it 
equal to C D, Through the point F draw F G parallel 
to AB by the last problem; then F G is the required _F____& 
line. 

For F Gis parallel to A B by construction; and A E B 
F E, its distance from A B, is equal to the given line ¢ D 
CD. 


Propiem IX, 


To divide a given line A B into any proposed number of equal parts. 
From A, one end of the given line, draw the line A m making any 
angle with A B; and from B, the other end, 
draw Br parallel to A m. In each of these 
lines, beginning at A and B, set off as many 
equal partsA a, ab,bc, &c. and Bf, fg, gh, 
&e. as A Bis to be divided into. Join the 
points Be, df,c g, &c. and these lines will 
divide A B as required. 

For as de is equal and parallel to B f, B e and df are parallel ; and 
in the same manner may cg, 0h, and ai be shewn to be parallel to 
Be. Hence the parts into which AB is divided are proportional to 
the corresponding parts of Ae; and as the parts of Ae are equal to 
each other, the parts of A B are also equal to each other. ; 


Propuem X. 


To find the centre of a given circle ABC. 

Dia any chord AB, and bisect it with the perpendicular C D. 
Bisect C D in O, and O is the centre required. 

For if the centre is in the line C D it must bein 
O, that point in the chord which is equally distant 
from its extremities. If, however, the centre is not 
in CD, let it bein Fany point out of the line; and 
join F E, F A, and F B. Then will A F be equal to 
F B, AE to EB, and E F common to the triangles AK F and J BEF; 
the angles AE F and B EF will therefore be equal, and consequently 
each of them will be a right angle. Hence the angles CEB and 
F EB will be equal, the less to the greater, which is impossible. The 
centre of the circle is therefore 7m the line C D, and it is consequently 
in the point O, 


i ce ee 
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Prosiem XI. 


To describe the circumference of a circle through three given points 
ABC. 

Join AC and BC, and bisect these lines with the perpendiculars 
DO and EO, and from the point O with the dis- 
tance OA, OB, or OC, describe the circle A BC, £ 
and it will be the circle required. Wade 

For as AD and DO are respectively equal to | SY, 
CD and DO, and the included angles ADO and v i 
CDO are equal, AO is equal to CO; and for a Oe Le 
like reason BO is equal toC O. Hence O is the centre of a circle 
passing through A, B, and C. 

Remark, By this problem a circle may be described about a 
triangle. 


Prospiem XII. 


To inscribe a circle in a given triangle ABC. 
Bisect any two of the angles, as A and B, and the bisecting: lines, 
AD and DB, will meet in D, the centre of the 


circle. = 
For from D draw D E, DF, and DG, perpendi- CG F 
culars to AB, BC, and AC. Then, as the angles D 


DAGand DAE, DGA and DEA are equal, the A Ei Pp 
angles A D G and AD EF are also equal; and as A D is adjacent to the 
equal angles in each triangle, the triangles are identical, and there- 
fore DE and DG are equal; and thus also may DF be shewn to be 
equal to DE or DG; and consequently, as the angles at E, F, and 
G, are right angles, a circle described from D, with the distance 
DE, DF, or DG, will touch AB, BC, and AC, the sides of the 
triangle; and the circle is therefore inscribed in the triangle. 

Note. ‘The reader is requested to join D to A, B, and C. 


Prosiem XIII. 

On a given line A B to describe the segment of a circle, which will 
contain an angle equal to a given angle, as M. 

From A draw AC, making 
the angle CAB equal to the 
wiven angle M. Bisect A B with 
the perpendicular DE; and draw 
AE perpendicular to A C, meet- 
ing DE in E; then from the 
centre E, with the radius A E or 
EB, describe a circle, and the 
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segment of it AGB, alternate to the angle CAB, is the segment 
required. 

For us A D is equal to D B, and the angles AD E and B DE are 
egual, and DE common to the triangles ADE and BDE;; there- | 
fore AE and BE are equal. And as AE is perpendicular to AC, 
therefore A C is a tangent to the circle of which A B isa chord; and 
hence the angle C A B is equal to any angle in the alternate segment, 
AGB. : 

Remark. If the given angle is a right angle, the required segment 
is a semicircle described on the given line. 


Proptem XIV. 


To make a plain diagonal, decimal scale. 


Take AB, of the length proposed for the longest division of the 
scale, and drawten lines paral- D Cc Fr 


lel to it, and equidistant from 
each other; draw A D and B C 
perpendicular to A B; and di- 
vide A Band C D each into ten 
equal parts. Join B to the first division in C D, the first division on 
A B to the second on C D, &c. In AB produced take B 1, 1 2, &e. 
each equal to A.B; and from the points 1, 2, &c. draw lines parallel 
to BC, meeting C D produced; and the scale is completed. 

For A B is divided into ten equal parts, and the oblique lines drawn 
from A B to C D subdivide the divisions of A B again into tenths. 


EXAMPLES FOR EXERCISE IN GEOMETRICAL 
“ INVESTIGATION. 


1. From two given points, to draw two equal straight lines, which 
shall meet in the same point, in a line given in position. 

2. From two given points on the same side of a line, given in 
position, to draw two lines which shall meet in that line, and 
equal angles with it, 

3. If two chords intersect at right angles within a circle, the sum 
of the squares of their segments is equal to the square of the dia- 
meter. 

4, Ofall straight lines which can be drawn from two given points 
to meet on the convex circumference of a given circle, the sum of 
those two which make equal angles with the tangent at the point of 
concourse, is the least. 


5. If a circle be described on the radius of another circle, any 
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straight line drawn from the point where they meet to the outer cir- 
cumference, is bisected by the interior one. 

6. From two given points on the same side of a line given in posi- 
tion, to draw two straight lines which shall contain a given angle, and 
be terminated in that line. 7 

7. If from any point in the diameter of a circle lines be drawn to 
the extremities of any chord parallel to that diameter, the sum of the 
squares of those lines is equal to the sum of the squares of the sezments 
of the diameter. 

8. If a common tangent be drawn to any number of circles which 
touch each other internally, and, from any point in this tangent as a 
centre, a circle be described cutting the others, and from this centre 
lines be drawn through the intersections of the circles respectively ; the 
segments of them within each circle will be equal. 

9. ‘Triangles which have one angle equal in each, and the sides about 
the equal angles in the same proportion, are equiangular triangles. 

10. If from any two points in the circumference of a circle there be 
drawn two straight lines to a point in a tangent to that circle, they will 
make the greatest angle when drawn to the point of contact. 

11. If one chord ina circle bisect another, and tangents drawn from 
the extremities of each be produced to meet, the line joining their 
points of intersection will be parallel to the bisected chord. 

12. If two circles cut each other, the greatest line that can be drawn: 
through the point of intersection, is that which is parallel to the line 
joining their centres. 

13. If the points of bisection of the sides of a given triangle be 
joined, the triangle, so formed, will be one-fourth of the given triangle. 

14. The difference of the angles at the base of any triangle, is double 
the angle contained by a line drawn from the vertex perpendicular to 
the base, and another bisecting the angle at the vertex. 

15. If the three sides of a triangle be bisected, the perpendiculars 
drawn to the sides, at the three points of bisection, will meet in the 
same point. 

16. If from the three angles of a triangle lines be drawn to the points 
of bisection of the opposite sides, these lines intersect each other in the 
same point. 

17, The three straight lines which bisect the angles of a triangle 
meet in the same point. 

18, The two triangles, formed by drawing straight lines from any 
point within a parallelogram to the extremities of two opposite sides, 
are, together, half the parallelogram. 

19. The figure formed by joining the points of bisection of the sides 
of any trapezium, is a parallelogram. 

20. If squares be described on the three sides ofa right-angled triangle, 
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~ and the extremities of the adjacent sides be joined; the triangles so 
formed, are equal to the given triangle, and to each other. 

21. If squares be described on the hypothenuse and sides of a right- 
angled triangle, and the extremities of the sides of the former and 
the adjacent sides of the others be joined, the sum of the squares of 
the lines joining them will be equal to five times the square of the 
hypothenuse. 

22. ‘The vertical angle of an oblique-angled triangle inscribed in a 
circle, is greater or less than a right angle, by the angle contained 
between the base, and the diameter drawn from the extremity of the 
base. 

23. A straight line drawn from the vertex of an equilateral triangle, 
inscribed in a circle to any point in the opposite circumference, is equal 
to the two lines together, which are drawn from the extremities of the 
base to the same point. 

24, ‘The straight line bisecting any angle of a triangle inscribed in a 
given circle, cuts the circumference in a point, which is equidistant 
from the extremities of the sides opposite to the bisected angle, and 
from the centre of a circle inscribed in the triangle. 

25. In any triangle, if perpendiculars be drawn from the angles to 
the opposite sides, they will all meet in a point. 

26. If from the centre of a circle a line be drawn to any point in the 
chord of an arc, the square of that line, together with the rectangle 
contained by the segments of the chord, will be equal to the square 
described on the radius. 

27, If two points be taken in the diameter of a circle, equidistant 
from the centre, the sum of the squares of the two lines drawn 
from these points to any point in the circumference, will be always the 
same. | 

28. If on the diameter of a semicircle, two equal circles be described, 
and in the space included by the three circumferences a circle be 
inscribed, its diameter will be two-thirds of the diameter of either of 
the equal circles. 
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PLANE TRIGONOMETRY. 


Piane Triconometrry is that branch of Mathematics by which, if 
certain parts of a plane triangle be given, the other parts may be 
computed. 

As the sides and angles of triangles are quantities of different kinds, 
they cannot, be compared with each other; but the relation between 
the sides and the magnitude of the angles may be discovered by com- 
paring the sides with certain lines drawn in and about a circle, on 
which lines the arcs of the circle which measure the angles of the 
triangles depend. 


DEFINITIONS. 


1. If two lines meet in the centre of a circle, the are of the cir- 
cumference intercepted between them is called the measure of the angle 
which they contain. 

2. If the circumference of a circle be divided into 360 equal parts, 
each of these parts is called a degree; if a degree be divided into 60 
equal parts, each of these parts is called a minute ; and if a minute be 
divided into 60 equal parts, each of these parts is called a second, &c. 
And whatever number of degrees, minutes, seconds, &c. are contained 
in any arc, the angle at the centre, which that arc measures, contains 
the same number of degrees, minutes, seconds, &c. 

Cor. 1. Any are is to the whole circumference of which it is a 
part as the number of degrees, &c. contained in the arc, is to 360 
degrees ; and any angle is to four right angles in the same propor- 
tion. 

Cor. 2. Whatever be the radii with which the arcs are described 
which measure any angle, the ares contain the same number of 
degrees, &c. For the arcs are like parts of 360 degrees. 

Def. 3. Degrees, minutes, seconds, &c. are usually designated by 
the marks: °,’,”,/”, &e. Thus 37° 14’ 20” 38” is 37 degrees, 14 mi- 
nutes, 20 seconds, and 38 thirds. 

4. Two arcs, whose sum is equal to a semicircle, or two angles 
whose sum is equal to two right angles, are called supplements of each 
other, 
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5. Two arcs, whose sum or difference is a quadrant, or two angles 
whose sum or difference is a right angle, are called complements to 
each other. 

6. The sine of an arc is a perpendicular let fall from one of its 
extremities upon the diameter which passes through the other ex- 
tremity. 

7. The versed sine of an arc is that portion of the diameter inter- 
cepted between the sine and the eircumference. 

8. The suversed sine of an arc is the versed sine of its supple- 
ment. : 

9. The tangent of an arc is a perpendicular to the diameter at one 
extremity of the arc, and terminated by the diameter produced, which 
passes through the other extremity. 

10. The secant of an arc is the straight line drawn from the centre 
to the termination of the tangent. 

Remark. The sine, tangent, secant, &c. of the complement of an arc, 
are usually termed the cosine, cotangent, and cosecant of that. are. 

To illustrate the above definitions, let AE be the diameter of a 
circle A J EK; CI a perpendicular ra- [ 
dius from the centre C; AGandIH 
perpendiculars to A E and CTI, meeting 


~—-—>H 


xi 
C H drawn from the centre in Gand H. 3 one 
From B, where C H meets the circum- me o ie 
ference, draw B D and B F perpendicu- = K Ws 
larto AC and CI. Then the arcs AB ee 


and BIE, and the angles AC B and BC E, are supplements of each 
other. The arcs AB and BI, the ares EIB and BI, the angles 
A CB and BCI, and the angles EC B and BCI, are respectively 
complements of each other. BD is the sine of the arc A B, or of the 
arc EIB; and it is also considered as the sine of either of the sup- 
plement angles, ACB or BCE, to the radius AC. AG is the 
tangent, and C G the secant of the arcs or the angles of which BD is 
the sine. AD is the versed sine of the arc AB, and ED its suversed 
sine. BF orCD isthe sine of IB, or the cosine of AB; I H is the 
tangent, and CH the secant of 1B; or 1H is the cotangent, and 
CH the cosecant of AB. IF is the versed sine of I B, or the coversed 
sine of AB. And in all cases the sine, cosine, tangent, &c. of any are, 
is called also the sine, cosine, tangent, &c. of the angle measured by 
that are. 


For the sake of brevity, these technical terms in trigonometry are 


usually contracted as follows :—~ 
Thus for Sine of an are, as A B, is put Sim. A B. 
Cosine do. Cos. AB. 
Tangent do. Tan. AB. 
Cotangent do. Cot. AB. 


i ei 
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_ For Secant of an arc, as A B, is put Sec. AB. 


Cosecant do. Cosec. AB. 
Versed sine do. Vers. AB. 
Suversed sine do. Suvers. A B. 
Coversed sine do. Covers. AB. 


From the above definitions we deduce the following obvious conse- 
quences: viz. 

Ist, When an are vanishes, or becomes nothing, its sine, tangent, 
and versed sine, are nothing also; and its secant and cosine are each 
equal to the radius. 

2d, The sine and the versed sine of a quadrant are each equal to 
the radius, its cosine is nothing, and its secant and tangent are 
infinite. | 

3d, The chord of an arc is twice the sine of half the arc. 

Ath, The radius BC, the sine BD, and the cosine C D, form a 

right-angled triangle CBD. The secant C G, the tangent G A, and 
the radius C A, form also a right-angled triangle C GA, similar to 
C BD; and the cosecant H C, the radius CI, and the cotangent I H, 
form another right-angled triangle similar to C BD or CGA. 
Hence C D? + DB? =C Bs; or cos? + sin? = rad. 

CA? +AG?=C G2; orrad? + tan? = sec?. 

Cie + I He = CH’; orrad? + cot? = cosec?. 
And ©D:DB::CA: AG; or cos: sin : : rad: tan; ortan . cos 


rad. sin sin 


rad. Sins or tan = = ——, when the numerical 
cos 


cos 
value of radius is one, or unity. 
See ss Ol: 1H; or sin :cos:: rad: cot; orcot. sin = 


rad . cos cos 


rad . cos; orcot = <> —, when rad is unity. 
sin 


sin 
CD:CB::CA:CG; or cos:rad:: rad: sec; or cos. sec 
rad? ‘ 
== rad" or sec = = , when rad is unity. 
cos cos 
CF:CB::CI:CH; or sin: rad: : rad: cosec; or sin. co- 
rad? 1 ; ‘ 
sec = rad?; or cosee = ——-= ——., when rad is unity. 
sin sin 
fom es: CL: 1H; or tan: rad: ; rad ;.cot; ortan . cot= 
rad? rad? 
rad?; whence cot = Le and tan = ——; or tan = 
! an 0 


1 1 
——, and cot = ——, when rad is unity. 
cot tan 


Sth, If A and B represent any two ares, it appears from the last 
corollary that tan A .cot A = tan B . cot B. Whence cot A : cot B 
:: tan B: tan A. And in a similar way we deduce cos A: sec B 
:: cos B: sec A; and sin A: cosec B:: sin B: cosec A, 

F2 
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6th, ASA D.D E = DB», we have vers. suvers = sin’. 

7th, The sine, tangent, &c. of an arc, which is the measure of any 
given angle, as ABC, is to the sine, tangent, &c. of any other arc, 
by which the same angle A B C may be measured, as the radius of the 
first are to the radius of the second. 

Let AC and MN each measure the angle B; C D being the sine, 
D A the versed’ sine, A E the tangent, and BE the 


secant of the are AC; NO, OM, MP and BP Cc re 
the sine, versed sine, tangent, and secant of the B 
arc MN. Then as ON,MP,DC, and AH, are 
parallel, we have CD:NO:: rad BC: rad BN ; 
OM D A 


AE:MP::, or BE:BP::rad BA: rad BM: 4 
andBC:BD::BN:BO; orBA:BD::BM:BO. _ Hence 
BA:BA -—- BD:: BM: BM — BO; or BA: AD::BM: 
MO;orBA:BM::AD:MO. 

8th, It is often convenient in trigonometrical investigations, to 
use sines, tangents, &c. to the arcs of a circle whose radius is unity, as 
the resulting expressions are of a less complicated form. But such 
expressions may easily be adapted to any other radius. For, in the 
last figure, if BC = 7, BN = 1, and DC = sine to radius 7; 
inen B.C (7): C.D (sin). :': BN: (1) Nee =, the corre- 
sponding sine to radius unity. 

Hence, when any formula has been investigated on the supposition 
that radius is unity, the formula may be adapted to any other radius 


r, by substituting —, = —, &c. for sine, tan, sec, &c. in the 
given expression. 

The numerical values of the sines, tangents, &c. of arcs, computed 

to a given radius, exhibit also the ratios of the sines, tangents, &c. of 
those arcs, to any other radius. A table containing such numbers is 
called a table of natural sines, tangents, &c.; and a table exhibiting 
the logarithms of those numbers is called a table of logarithmic 
sines, tangents, &c. ; 
. Such logarithmic tables are generally computed to the large 
radius, 10000000000, that the logarithm of the smallest sine, tan- 
gent, &c. likely to be required in computation may not have a nega- 
tive index. The logarithm of the radius in such tables is evidently 
10, and the logarithm of rad? is 20, and the logarithmic sine and 
cosine of any arc whatever is less than 10; but the logarithmic 
tangents, cotangents, secants, and cosecants, admit of all possible 
values from 0 to infinity, whatever be the numerical value of the 
radius, 


&% 
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ON THE SIGNS OF TRIGONOMETRICAL QUANTITIES. 


WHEN geometrical quantities are expressed analytically, they are 
considered as measured from some given point or line, and as -++ or 
—, according as they lie on one or the other side of that point or 
line. 

Thus, in the last figure but one, the signs are estimated from the 
diameter A E, and in the semicircle AT E they are considered as + ; 
but as in the other semicircle HK K A they fall on the other side of the 
diameter A E, they are then considered as —. 

The cosines, being estimated from the centre C, are considered as 
+ ‘in the first quadrant AT; but as in the second quadrant I E, and 
the third EK, they fall on the other side of the centre C, they are 
then considered as — ; and again, in the fourth quadrant K A, they 

become -+-, as in the first quadrant. 
rad, sin 


As tan = , the tangent is + in the first quadrant, because sin 


and cos are then both positive. But in the second quadrant cos is —, 
and sin + ; therefore tanis —. In the third quadrant szm and cos are 
both — ; therefore tan is +; and in the fourth quadrant we have again 
tan —. 

The mutations of the signs of the cotangents, secants, and cosecants, 
may be traced in the same manner. 

As the versed sines are estimated from A, the extremity of the dia- 
meter, and all in one direction, they are posidive in every quadrant of 
the circle. 

The following table exhibits the variations of the signs in each 
quadrant of the circle. 

Sin. Cos. Tan. Cot. Sec. Cosec. Vers. 


Ist quadrant + + + at aly fe As 
yt Rae Rae AEM Usenet i 
“8 _ +4 of. ban ei + 
Mae 6m Ut ot oe aid in. ne 


Proposition |, 


The chord of 60° and the tangent of 45° are each equal to the 
radius; the sine of 30°, the versed sine of 60°, and the cosine of 60° are 
each equal to half the radius; and the secant of 60° is equal to the 
diameter, or to double the radius. | 

Let D be the centre of a circle, AB an arc of 60°, and AC an are 
of 45°. Draw the chord B A; bisect the angle A BD with the line 
BE, and draw the tangent AG, meeting the secants DBG and 
DCF in Gand F. 
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Now (Theo. 62. Geo.) A B the chord of 60° is equal to the radius ; 
hence (Cor. 1. Theo. 3. Geo.) B E bisects A D and is 


at right angles to it. ‘Therefore E. A the versed sine Ars 
of 60°, and DE the cosine of 60°, or the sine of 30°, 
are each equal to half the radius. And as BD is B E 


double of DE, by similar triangles DG the secant 
of 60° is double of DA the radius. Lastly, as the 
angle DAF is a right angle, and the angle A DF is 
45°, or half a right angle, the angle A FD is also half 
a right angle. Hence the angles A D F and AF D being aah AF 
the tangent of 45° is equal to A D the radius. 


D E A 


Proposition II, 


The secant of any arc is equal to the sum of its tangent, and the 
tangent of half its complement. 

Let AB be any arc, A D its tangent, and C D its secant; produce 
AD till DE is equal to DC, and jon CE. Then Dp 
the angle E is the complement of ACE; and as DC 
and DE are equal, a perpendicular from D on CE 
would bisect the angle D, therefore the angle E is also 
the complement of half the angle D. Hence A CE 
is equal to half ADC, or to half the complement of 
ACD, and consequently A FE; is the tangent of half the complement of 
ACD: therefore DA the tangent of AB, and AE the tangent 
of half its complement, are together equal to DC, the secant of 
the same arc. 

Remark, By this proposition, when the natural tangents have beech 
computed, the natural secants are obtained by addition. 


Proposition III. 


If A be the greater, and B the less of two ares, it is proposed to in- 
vestigate the relation between their sines and cosines, and the sine and 
cosine of their sum, and of their difference. 

Let G be the centre of the circle, DC the greater arc, A, and DE 
or DF the less one, B, join FE andGD; EF 
then G D bisects F E in J, and cuts it also at 
right angles. Draw F M, IN, DO, and 
EK P perpendicular to GC, and IH, EL 
perpendicular to F M. 

[Then DO =sin A, OG=cos A; FI or 
Pesscsin) Bs Gl = cos; Bi N= sin 


A+B; GM=csA+B; EP = sin @ M_ NO Be 


A—B; and GP=cos A—B. Also as the angles H F I and 
K IE, as well as the angles F I H and IEK are respectively equal ; 
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and FI is equal to I E, the triangles FI H and [EK are identical, 
having F H equal toI K,and HI equalto KE. Hence FM=IN+ 
FHandEP=IN—FH; GM=GN-—IH andGP=GN+ 
IH. Again, as the angles HIN and FIG are right angles, by 
taking the common angle HIG from each, we have the angles FI H 
and GIN equal; and as the angles H and N are right angles, the 
iriangle I I His similar to the triangle G IN, and therefore similar 
also to the triangle G D O. 
We have therefore 


: DO.GI_ sin A.cosB 
D:DO::GI:IN, ed ge et) eee 
G GI:I or IN at an 
pees 4 177 GO.FI_ cos A. sin B 
GD:GO:. FI: FH, or PFH=—_—-= zal 
GO.GI cos A . cos B 
: ap 8. : — 
GD:GO 1:GN,orGN GD am 
DO.FI sinA. sinB 
; ; wEISIH = iat 
GD: DO:..F H, orI H GD Sy, 
Hence 
ee A. si B 
Pinna on = tN YF f= A: cos cos B + cos A. sin B 
rad 
ge er yp = ge Bi toy A sin B 
rad 
Sra. N — i — (oo 2 cos Bem A sin B 
rad 
ee A. B i i 
eee SGN Hr Co ce Bb iA sin B 
rad 
And ifradius be considered as unity, these formule become 
sn A+ B=sinA. cos B + cos A.sinB 
sin A — B =sin A .cos B — cosA. sin B acd ~ 
cosA + B= cosA.cos B — sinA.sinB | Mae 
cosA — B= cosA.cosB + sinA. sin B. 


(1). 
SCHOLIUM, 

Many curious and important formule may easily be deduced from 
the above expressions: the following are a few of the most useful. 
By adding and subtracting the first and second expressions, and the 
third and fourth severally, we get the following :— : 


sin A + B +. sin A — B = 2sinA.cosB 
sin A + B — sinA — B = 2cosA.sinB 
coseA + B+ cosA — B= 2cosA.cosB 
cos A — B —cosA + B= 2sinA. sin B. (2) 


Now (page 7) A is half the sum, and B half the difference of A + B 
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and A—B >; hence, if for A+B in Formule 2, we put A, and for A—B 


A+B 
we put B, instead of A in the same formula we must put — 


sand 


for B we must put > zs and the formule will then stand in the 


following form :— 


B A—B 

sin A + sin B= 2 sin . COS 5 
A B 2.06 
sin A — sin B = 2cos i sin ——_-_— 
B —B 

cos A + cos B= 2eos = cos — 9 
_A+t+B , A—B 
— os cag 2 Ch pr cy 

cos B— cos A sin sin 5 (3) 


If, in Formule 3, the are B vanish, its sine will be nothing, and its 


cosine radius; and if the radius be considered as unity, the ex- 
pressions give the following formule :— 


A 
The Ist and 2d give, sin A = 2 sin 3 + 608 = 
: ‘ ; A 
The 3d gives, 1 + cosA = 2 cos? a 
PEC: 
The 4th, 1 — cosA = 2 sin? — 
2 (4) 
From Formule 4, we infer that 
A B B — aaa 
2 sin wi. Sai . COS eh =sinA+ B. 
2 2 
A—B — B 
23 sp aneccorrs ” bien 77 = sina —B. 
A a/ 1 + cos A 
Cos = SRT Ee : 
4 2 
ere s% Pie 
sine oe By er, 
2 (5) 
From Formule 3, we have sin A + sin B. sin A — sin B= 
. A+B A—B A 9B é 
sin a . COS Bias 3 2 cos ies sin Paes ao ge Sit 
A B A Beh LNA Wa AV GB 
— - COS = Csi) aa S 5 = (see Form. 5.) 


sn A + B.sin A SB whence sin A — B: sin A— sin B?:: 
sin A + sin Bi sinA + B. (6) 


By transposing the first two equations of Form. 2, we have 
sin A+ B= 2sin A.cos B—sinA — B 


sin A+ B= 2cosA.sin B+ sinA — B (7) 
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In the first of these expressions if A = 30°. 2 sin A = radius; and 
in the second if A = 60°, 2 cos A = radius; and hence if radius be 
unity, we have 

sin 30° + B=cos B — sin 30° — B 
sin 60° + B= sin B -- sin 60° — B. (8) 

By the former of these theorems, when the sines and cosines of all 
arcs below 30° have been computed, the sines may easily be con- 
tinued to 60°; and then by the latter theorem, the sines of all arcs be- 
tween 60° and the quadrant will readily be obtained. 

If the first of Formule 3 be divided by the second, we have, 


A+B A—B not B 


; , 2 sin ———— . cos — tan ——_—— 
snA+sinB _ 2 By sea 
sinA —sinB PRA i MEIe Re Sey, AUR 
2 cos — . sin ———— tan — 
2 2 
sin 1 cos 
or ( 4, Trie., p. 67) tan = ——, and cot = = —., 
Fone Syihnigex P67) cos” tan sin 


Dividing the third of Form. 3 by the 4th, we have, by a similar 
reduction, 


A+B 
cot 
cos A + cos B & 2 
cosB —cosA | Ao 
tan ; 


and, as equal fractions have their numerators and denominators in the 


same proportion, we have from these two equations the following 
proportions :— 


ANE Bg. oA 1B 


cos A + cos B: cos B — cos Azz cot ==: tan += B 


sin A -+ sin B: sin A — sin B:: tan 


cA] 


By operating in the same way with the different expressions in 
Formule 3, we collect the following set of formule. 


rte ite 

snA+sinB - 2 
sm A —sin B A—B 
tan — 

2 
doy oe B 
cos A + cos B ~ A sea Spake: 
cos B — cos A Eee ae 
A+B 

tan — 
sin A + sin B 2 


asters anaes ——- = tan——_——— to rad unity 
cos A + cos B rad 2 
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cot ai 

sin A + sin B fos ~ cot Bret Bs to rad unity 
cosB —cosA _ rad 2 

tan ——_ K 
sin A — sin B 2 a A—B 
cosA + cos B rad Srascceot Sep ” 

A+B 
: ? cot 

sin A — sin B __ 2 . A+B 
——_—____ = —-—.—__ = cot 4 
cos B — cos A rad 2 (10) 


It will furnish an easy and agreeable exercise to the student, to go 
over the different steps of the operations, by which these expressions 
are deduced. 

If, in the second, third, and sixth of Formule 10, the are B be taken 
= 0, we have, 


cot — 
1+cosA _ City ce ae 1 
Lye pos An iii A) 2 tan? 
2 2 
sin A ae ATs 1 tp ee situas Se i 
1+cosA 2s Ai’ 1 — nos Aaa A 
col —— tan 
2 2 (11) 


The foregoing formule might all have been investigated geome- 
trically, though they could not have been deduced with equal concise- 
ness. We shall afterwards take occasion to shew how a few of them 
may be directly deduced from geometrical principles, but we shall 
leave the greater part of them to be so proved by the ingenious stu- 
dent whose taste or curiosity the exercise may gratify. 


ON THE CONSTRUCTION OF TABLES OF NATURAL 
SINES, TANGENTS, &c. 


A ‘ 
We have seen above, that cos 5 1 bi cossae hence if A 
2 2 


é A 
be an arc whose cos is known, the cos of > its half, may be 


computed. Now 60° is an are of that description, its cosine 
(Proposition 1. Trig.) being 4 to radius unity. Hence cos 30° 


ee) 60° ae 3 
= ee to ie Se . In this way the cosine 


of 15°, 7° 30’, & may be computed; till, after twelve succes- 


a ae 
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sive bisections, the cosine of 52” 44” 3 45” will be obtained. Then 
knowing the cos, we readily get the sine; for sit sin? = rad? — cos’, 


oe 


= yad + cos. rad — cos; or sin = igs ee Cos . go Ee hoa, to 
radius unity. ‘Thus therefore the sine of 52” 44’” 3” 45" may be 
found. 

Now as the sines of very small arcs vary nearly as the arcs them- 
selves do, we have by analogy, as 52” 44 3" 45” is to the sine of 
52’ 44" 3” 45°, so is 1 of arc to the sine of 1’, and hence the sine of 
1’ may be computed. 

Thus having the sine and cosine of 1’, we obtain the sine of 2’ from 
Formula 4, 

sin2 A=2sin A. cos A, 
Orsin 2° = 2 sin 1! .’ cos 1’. 

For the sine of 3’, and every succeeding minute, we have from 

Formula 7, 
sin A + B= 2 sin A. cos B — sin A — B. 
Which expression, if A be taken = 2’, 3,4’, &. and B= 1’, be- 
comes 
sin 3/ = 2 sin 2’ . cos 1’, — sin 1’ 
sin 4/= 2 sin 3/ . cos 1! — sin 2/ 
sin D’ = 2 sin 4’ . cos Ll’ — sin 3’, &c. 

Having computed the sines of a few minutes in this manner, the 
correctness of the computation may be ascertained by the application 
of Formula 6, viz. 

sin A— B: sin A— sin B:: sin A+ sin B::sin A + B. 

Here let A = 3/ and B = 2’, and the expression is 

sin 1/: sin 3’ — sin 2/:: sin 3’ + sin 2’: sin 5‘, 

If the sine of 5’, computed in this way, agree with the sine of the 
same arc computed by the former, or any other independent method, 
the result may be considered as correct. 

By the method here described the sines of all arcs may be com- 
puted, and their cosines may then be obtained by the formula, cos 


ee ; sin . 
a 1 + sin. 1 — sin, their tangents by tan = —, their cotan- 
cos 


cos 1 
gents by cot = —,, their secants by sec = —, &c 
sin COs, 


Or the secants may be deduced from the tangents by Prop, II. 
Trigonometry. 
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ProposiTIon LV. 


In any right-angled plane triangle, as the hypothenuse is to either of 
the sides, so is the radius to the sine of the angle opposite to that side: 
and as either of the sides is to the other side, so is the radius to the tan- 
gent of the angle opposite to that other side. | 

Let ABC be aplane triangle right angled at A; and from C asa 
centre with any radius CD, let the are DE he 


described, meeting C B and C A in the points D and a 
E; and from D and E, let DF and EG be drawn L 
perpendicular to AC, then DF is the sine, and \ 
EG the tangent of the are’ ED, or of the C7 FE A 
angle C. 


The triangles CF D, CEG, and CAB are similar, as they have 
the common angle C, and each of the angles CFE, CEG, and 
CAB is a right anglee Hence CB: BA::;CD: DF; or CB: 
BAcsrad: sin’. C.. And CA: AB:: CE 2h Giopss signee 
rad 3 tan C. 

Cor. ]. CB. sinG=rad.BA,and CA . tan C Sra aso 
if rad be considered as unity, BA=CB8B.sinC,andBA=CA. 
tan C. 

Cor. 2... .C.B.: CA.:: CD: CE: .or .C Being eee 
Therefore CB .cos C=rad.CA; or CA=CB.cos C, radius 
being unity. 

Cor. 3..° CA:CB*: CE: CG: or ‘CA SC Besa eee 
Hence CA .sec C=rad.CB; or CB=CA. secC, radius being 
unity. 

Cor. 4. To the hypothenuse as a radius, each of the other sides is 
the sine of its opposite angle; and to one of the sides as a radius, the 
other is the tangent of its opposite angle, and the hypothenuse is the 
secant of the same angle. 


PROpPosITION V. 


The sides of plane triangles are to each 


y C 
other as the sines of the opposite angles. A j | 
From C, any angle of the triangle A BC, OAs 
draw CD, a perpendicular on the opposite 4~—y Bp A BD 
side, or that side produced. 

Then as the triangle A C D is right angled at D, we have AC. sin 
A=R.CD; and for the same reason BC.sin B=R.CD 
(Prop. 4.). Hence AC . sin A= BC. sin B, and consequently 
AC:sn B:: BC: sinA.orAC: BC?! sin B: sinA. 

Note.—R is put here for radius. 
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Proposition VI. 


In every plane triangle if w perpendicular be drawn from any of 
the angles on the opposite side, the segments of that side are to one 
another as the tangents of the parts into which the opposite angle is 
divided by the perpendicular. 

For (see the last fig.) CD. tan ACD =AD.R,andCD. tan 
DOB =D BR (Prop. 4.) “Hence AD -~R: DB. R::- CD. 
mre) 2 C D. tan BCID? Or’. AD : DB: tan’ ACD * tan 
DCB. 

Cora D = D'B*:: cot A? cot B; for tan ACD =‘cot’A and 
tan DCB = cot B. 


Proposition VII. 


- The sum of any two sides of a triangle is to their difference, as the 
. tangent of half the sum of the angles opposite to those sides is to the 
tangent of half their difference. 

Let A BC be any plane triangle. ThenAB:AC:: C 
sin C: sin B (Prop. 5.); whence AB +AC:AB— 
A C:sin C + sin B; sin C — sin B (Geom. Prop. 69). ‘ 
But (Prop. 3. Trig. Formula 9.) fe B 
C+ B C — B. 


sin C + sin B:sin C — sin B :: tan : ie ae 


iw 


Therefore A B+ AC:AB—AC:: tan oan a 


fe 


PROPOSITION VIII. 


If a perpendicular be drawn from any angle of a plane triangle to 
the opposite side, or base, the sum of the segments of the base is to the 
sum of the other two sides, as the difference of those sides is to the dif- 
ference of the segments of the base. 

For (Geo. Theo. 47. Cor.) the rectangle under the sum and differ- 
ence of the segments of the base is equal to the rectangle under the 
sum and difference of the sides; therefore (Geo. Theo. 73.) the sum 
of the seaments of the base is to the sum of the other two sides, as 
the difference of those sides is to the difference of the segments of 
the base. 


Proposition IX. 


To find the cosine of any angle of a plane triangle when all ils 
sides are given. 

Let A BC (Trig. Prop. 5.) be any plane triangle, and C D a per- 
pendicular upon A B, or upon A B produced, ‘Then when the per- 
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ane falls within the triangle, we have (Geo. Prop. 46.) 
AC?=AB?+BC?—2AB.BD._ But (Trig. Prop. 4. Cor. 2.) 
BD=BC. cos B, to radius unity. Hence AC? = AB? + BC? — 
2AB.BC.cosB; or 2AB.BC .cosB=AB?+ BC?—AC, 
AB? + BC’— AC? 
~ 2AB.BC 
If C D fall without the triangle, we have (Geo. Prop. 45.) A C? = 

AB?+BC? + 2AB.BD. But BD=BC.cos CBD = — 
BC.cos ABC, whence AC? = A B? + BC?-—2AB.BC. cos 
2 2 

ABC, and therefore as before, cos ABC a : —— 
A B:-++ BC? — AC? 
2AB.BC ; 


whence cos B = 


radius being unity; and cos ABC = rad. to 


any given radius. 

Cor. If the angles of a plane triangle be represented by the capital 
letters A, B, and C, and the sides opposite those angles respectively 
by the small letters a, b, and c, the above expressions, when radius is 
unity, give us 
if eae  @+c32— fb? e+ & — @& 


s B = —— cosC= 


co 2bce 2ac 2ab 


PROPOSITION X. 


It is proposed to investigate the relation between the sides of a plane 
triangle, and the sine and cosine of the half of any of its angles. 

Adopting the notation in the corollary to the preceding proposi- 
tion, we have, 


b2 j 2) Paes 
cos A= - ———— oo Bat (Form, 4. Schol. Prop. 3. Trig.) 
A A e+e a 
1 ‘G8 0A = ne Bo tee 2 2 om eae 
-+- cos cos 5? erefore 2 cos 5 1 Dhe 
Ee ,0-¢ DEM eee 2bce+ 0+ e— a 
Ean ane eee ae —. But (Geo. Theo. 41.) 
2 
a A b+e— @ 
2 b? Sree : ee 
be + p26 b + c, therefore 2 cos 5 my P 
2 4 
Arernb — a? , 
or cos* — = a ; es Now, (Geo. Theo. 43.) b+c—a®= 


A b+e+a.b4+cec—a_ 
i 
b+e+a%+te—a b+ct+a /b+eta 


be ie A: ; for the 


CREAR Fe Rey eas Hence cos? 


ead 8 


subtraction of the half of any quantity is an operation equivalent to 
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adding the half of it, and then subtracting the whole of the quantity 
from the sum. 


b+e+a 
If ae be put = S the above expression is cos? = = 


i ay : A Tey to 
a to radius unity, or cos? ih os rad? piaieaks to a given 


radius. Hence cos fe = nh rad2 SUD ae Again, (Form. 4. 


pe be 


Schol. Prop. 3. Trig.) 1 — cos A = 2 sin? - therefore 2 sin? oS = 


1 B+ car 2be P+eé—-@ @—Bh— &+2be 


2bc¢ py Coen 2bc¢ oe 2bc 
pone y © 2 Dh ie ae g 
—° ait girsi8 8 ¢) But + ec — 2bc¢c =b —'c (Geo. 
2b¢ 
ig 2 po) g 2 
a@—b—c a—- b— Cc 
2.): * ee or sin? — = ae 
Theo, 42.); hence 2 sin 5 rings or sin® 5 Ti. 
Gite be. CMG iG ae 
atb—c.at+c—b _ 2 : 2 y. 
Abe a be ie 
a+b c a+t+tb+e , 
2 2 2 
he Or putting S, as above, for 
esol us we have sin? = Soe, to radius unity; or 
wnt fe ¢ oat ay 
sin? =iTad . 2 5 - “toa given radius. Hence sin = 


o (i 
be 


By similar processes we might deduce like expressions for the 
angles B and C. The resulting formule for A, which may represent 


any angle, are arranged as under. 


A =e er A TT 
i — — o-“- See sos => 
sin 5 a 6.8 SRR ry aii Et 
be be 


In logarithms these formule are, 


A 20+ log S + log S — a — logb — loge 
log cos ee Sage kein io ee eS i 


UD. 20 + lor S — b + log S—c — log b — loge 
log sin —= ——-—— se poet Wilson Tats Seas 


2 
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Proposition XJ. 


If A and B be any two ares, it is proposed to demonstrate geome- 
trically the expressions forming Formule 10, Proposition ILI. 

Let C E be the arc A, and C D the are B; draw the sines D = and 
EK, and produce EK to meet the circle again 
in I. Draw DMF parallel to the diameter 
GHC; draw the radii KH, DH, and 14H; 
and join EF, FI, and ID. Now (Theo. 59. 
Geo.) EI is bisected in K, therefore M I, the 
sum of MK and KI, is the sum of the sines 
KE and LD; and ME is the difference of the same sines. ‘The 
arc DCI, or the sum of the ares C D and CE, is the measure 
of the angle at the centre D HI; therefore the half of DI, or 
half the sum of CD and CE, is the measure of the angle D F I, 
at the circumference: and in the same manner may half the dif-_ 
ference of CD and C E be shown to be the measure of the 
angle DF E. 

But as FM is perpendicular to EI, therefore MI: ME: tan 
IF M : tan EFM; or as sin A+ sin B: sin A —sin B :: tan 
A+B A—B 


——— < tan 
2 


As HK is the cosine of E C, and HL is the cosine of DC, 
F M is the sum, and K L or MD the difference of the cosines of 
CD and CE. ButFM:MD:: tan FIM: tan DIM,or:: cot 
MFI:tan EF D. That is, cos A + cos B: cos B — cos A 33 cot 
AE Pe 


B 
7 tan Fo sia Again, FM: MI::rad: tanI FM; orcosA 


+ cos Bi: sin A + sin B:: bet ine 


a4 But FM > ME?:. 
rad ; tan MF E; orcos A + cos B: sin A — sin BB. : rad : tan 


A— B 


Wipe: AndIM:MD?irad:tan MIDcor sin A + sin B:cos B 


A—B jth 
= COS Ais rad’: Nes oer Yn a similar manner may the other 


formule be investigated, 
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EXAMPLES FOR EXERCISE IN THE THEORY OF 
TRIGONOMETRY. 


eee, ——_— —— ae 
1. SHow geometrically that rad. rad + cos A = 2 cos” oe that 


ae 


eral AY : 
rad . rad—cos A = 2 sin’ 5 that rad . sin.2 A = 2 sin A..,cos,A; 


~ 


and that vers A .suvers A — sin? A. 


2. Prove that tan A + tan B sin At +B —> radius being unity. 
cos A.cos B 

3. Show that in any plane triangle the base is to the sum of the 
other two sides as the sine of half the vertical angle is to the cosine 
of half the difference of the angles at the base. 

4. Show that the base of a plane triangle is to the difference of the 
other two sides as the cosine of half the vertical angle is to the sine 
- of half the difference of the angles at the base. 

5. The difference of two sides of a triangle is to the difference of the 
segments of the third side, made by a perpendicular from the opposite 
angle, as the sine of half the vertical angle is to the cosine of half the 
_ difference of the angles at the base; required the proof? 

§. a, b, c, heing the sides of a plane triangle, and A the angle 
opposite the side a, and S halfthe sum ofa, bd, and c; show that 


A ue 
tan? = rad? >> Sa b.S—o | 
i S.S8-a 
7. Prove that tan 45° -E A ol tbat AY radius being unity. 
lL ttanA 


8. Demonstrate geometrically that rad . sin2 A==tan A . suvers 2 A. 

9. As the greater of two sides of a triangle is to the less, so radius 
is to the tangent of a certain angle. Show that radius is to the tan- 
gent of the difference between this angle and halfa right anele, as the 
tangent of half the sum of the angles at the base is to the tangent of 
half their difference. 


ELEMENTARY PRINCIPLES 


SPHERICAL TRIGONOMETRY. 


1. A spnere is a solid bounded by acurve surface, every point of 
wiich is at the same distance from a point within, called the centre. 
Cor. 1. A sphere may be conceived to be generated by the revolu- 
tion of asemicircle about its diameter, 
G 
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Cor. 2. The section of a sphere, by a plane passing through the 
centre, 7s a circle; for every straight line drawn in the plane, from the 
centre to the surface of the sphere, is equal to the radius. 

Cor. 3. All circles of a sphere whose planes pass through the 
ventre are equal; and any two of them bisect each other. 

2. 'The circles of a sphere whose planes pass through the centre are 
called great circles; and those whose planes do not pass through the 
centre are called less circles. 

3. The pole of a circle is a point on the surface of the sphere 
equally distant from every point in the circumference of the circle. 

4. A spherical angle is an angle on the surface of a sphere con- 
tained by the arcs of two great circles at their point of intersection ; 
and it is the same with the inclination of the planes of the circles, or 
with the plane angie formed by the tangents of the arcs at the point of 
intersection. 

5. A spherical triangle is a figure formed upon the surface of a 
sphere by the intersection of three planes which meet in the centre of 


the sphere. 
Proposition [. 


Every section of a sphere by a plane is a circle. 
If the plane pass through the centre, then, as every point in the 
surface of the sphere is equidistant from its centre, 


the section is a plane figure, every point of whose 0 D ‘ 
periphery is equidistant from a certain point within -% 


it, and the figure is therefore a circle. 

But if the plane do not pass through the centre, let 
C DEF be the section, and C, D any two points in 
its periphery. Let AB bea perpendicular from the centre A on the 
plane of the section, and join AC, AD. Then the angles ABC, 
AB D are right angles, AC is equal to A D, and the perpendicular 
A B common to both the right-angled triangles ABC, ABD; there- 
fore the bases BC and BD are equal. Hence all lines drawn from 
B in the plane CD E F, to the periphery of that plane, are equal; and 
the figure is consequently a circle. | 

Proposition I]. 
The distance of « great circle from its pole is a quadrant. 

Let D be the pole of the great circle ABC, and A DC a great 

circle passing through D; then A D C isa semi- 


circle (Cor. 3. Defin. 1. Spherics) ; and as D is x 
equidistant from every part of the circumference 
A BC (Defin. 3. Spherics), DA and DC are 4 Cc 
quadrants. 

B 


Cor. Every circle has two poles, one on each 
side of its plane, and they are at the extremities of a diameter perpen- 
dicular to that plane. 


‘ 
4 


OF SPHERICAL TRIGONOMETRY. 83 


Proposition IIT. 


If two great circles, as BA, C A, intersect each other in A, on the 
surface of a sphere whose centre is D, and if BC be an arc of the great 
circle whose pole is A, B C is the measure of the spherical angle B AC. 

For join AD, BD, and CD, then as A is the pole of BC, A.B and 
AC are quadrants, and therefore the angles ADB 
and A DC are right angles. 

Hence the angle BDC is the inclination of the A 

planes of A Band AC,and it is therefore equal to 

the spherical angle BAC. But BDC is measured 
by the are BC, therefore the spherical angle BAC 
is also measured by the are BC. 

Cor. 1. As A D is perpendicular to D Band DC, it is perpendicular 
to the plane BDC, therefore the planes ADB and ADC which 
pass through AD are also perpendicular to the plane BDC; and 

consequently the spherical angles ABC and AC B are right angles. 
Heuce the great circles which pass through the pole of another great 
circle, cut it at right angles. 


B C 


Cor. 2. Great circles, whose planes are at right angles to the plane 
of one and the same great circle, or which cut the same great circle at 
right angles, meet in the poles of that circle. 

Cor. 3. If the planes of two great circles be at right angles to each 
other, each of the circles passes through the poles of the other; and if 
the circumference of one great circle pass through the poles of another, 
the planes of those circles are at right angles. 


Proposition IV. 


In isosceles spherical triangles, the angles which are opposite the 
equal sides are equal ; and if two angles of a spherical triangle are 
equal, the sides which are opposite those angles are equal. 

Let A BC be an isosceles spherical triangle, AB and AC being 
the equal sides, and let D be the centre of the E 
sphere. Let BE and CE be tangents to AB 
and AC, and BF and C F two tangents drawn 
from B and C in the plane D BC, intersecting 
each other in F, and join FE. Then as A Band 
AC are equal, their tangents BE and CK are po.—— Cc 
equal; and they have, therefore, the common a 
secant DE; and (Geo. Theo. 66. Cor. 2) BF 
is equal to FC, and FE is common to the triangles BF E and CF E 
the plane angle E B F is equal to the plane angle EC F, or the spheri- 
cal angles A BC and AC B are equal. 

Again, the same construction being made, suppose the spherical 

G2 
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angles ABC and ACB, or the plane angles E B F and EC F, to be 
equal ; then as D B is at right angles to BE and BF, it is at right 
angles to the plane BEF; and therefore the plane BDC, which 
passes through DB, is at right angles to the plane BEF. Fora like 
reason, the plane BDC is at right angles to the plane EC FY, and 
therefore F E, the common section of the planes EB F and EF C, is 
at right angles to the plane D BC. (Geo. Prop. 94.) Hence & FB 
and EFC are right angles, and consequently as the angles EB F 
and ECF are equal, and the side BF equal to the side FC, the 
triangles BEF and CEF are identical; whence BE is equal to 
CE,and as DB and D Care also equal, and the angles DBE and 
DCE being right angles are equal, the angle E D B is equal to the 
angle EK DC; therefore A B is equal to AC. 


Proposirion V. 

Any two sides of a spherical triangle are together greater than the 
third side. 

Let ABC be a spherical triangle, and let D be the centre of the 
sphere: join AD, BD, and CD. Then the solid C 
angle at D is contained by three plane angles, A DB, Wl 
ADC, and BDC, any two of which are together 
greater than the third. (Geo. Theo. 95.) 

But these angles are measured respectively by the A 
ares AB, AC, and BC, therefore any two sides of the spherical 
triangle A BC are together e@reater than the third side. 

Remark. The three sides of a spherical triangle are together less 
than the circumference of a great circle. For the plane angles at the 
point D are together less than four right angles, and consequently 
the sides of the triangle, which measure the plane angles at D, must 
together be less than the circumference of a great circle. 


D B 


Proposition VI. 
In a spherical triangle the greater side is opposite the greater angle, 
and the greater angle opposite the greater side. 
Let ABC bea spherical triangle; if the angle B be greater Ave 
the angle A, the side A C is greater 


than the side BC. ‘ 
For let A B D, a part of A BC, be Fan: 
equal to A, then A D is equal to BD. 
(Spher. Prop. 4.) But (Spher. Prop. one's. 
Pp I ) ut (Spher fon Se 
5.) the sum of BD and DC is le \ 


greater than BC; therefore AC, 
which is equal to the sum of B D and DC, is greater than BC. 


Again, if AC be oreater than BC, the angle A BC is greater than 


the angle A. 


, 


ae Ni eis -_ 
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For if ABC is not greater than A, it must either be equal to it, or 
less. If it were equal, then AC would be equal to BC (Spher. 
Prop. 4.), which it is not. And if A BC were less than A, AC would 
be less than BC, by the former part of this proposition, which it is not. 
Hence as A BC is neither equal to nor less than A, it must be greater. 


Proposirion VII. 


Three great circles, whose poles are the angular points of a spherical 
triangle, will, by their intersection, form another triangle whose angu- 
lar points are the poles of the great circles, which, by thetr intersection, 
form the sides of the first triangle; and the sides of each of the tri- 
angles are the supplements of the arcs which measure the angles of the 
other. 

In the annexed figure, if A, B, and C be the poles of DE, EF, and 
F'D respectively, then D, E, and F are the 
poles of AC, AB, and BC respectively; and 
DE, EF, and F'D are respectively the sup- 
plements of the arcs which measure the angles 
BAC, ABC, and ACB; and AC, AB, 
and BC will respectively be the supplements 
of the ares which measure the angles D, E, 
and F. 

For let AB, AC, and BC be produced both ways, till they meet 
DE, EF, and DF in G, H, 1, K, L, and M. Then GH is the 
measure of the angle BAC, KI the measure of the angle A BC, 
and M L the measure of the angle ACB. (Spher. Prop. 3.) “And as 
A is the pole of D E, the angle A H D is a right angle (Spher. Prop. 
3. Cor. 1.), and for a like reason, the angle CLD is a right angle; 
hence (Prop. 3. Cor. 2. Spherics) D is the pole of L H. In the same 
way it may be shown that E is the pole of G K, and F the pole of 
MI; and consequently LH is the measure of the angle D, GK the 
measure of the angle E, and M I the measure of the angele F. 

Now as D is the pole of L H, DH is a quadrant; and as E is the 
pole of GK, EG is a quadrant; therefore EG and DH, or E D and 
G H together, are equal to a semicircle. Hence DE is the supple- 
ment of GH, the measure of the angle BAC. And in like ‘nanner 
it may be shown that EF is the supplement of KI, the measure of 
ABC; and DF the supplement of ML, the measure of A C B. 

Again, because A is the pole of DE, AG is a quadrant; and be- 
cause B is the pole of EF, BK isa quadrant. Hence AG and BK, 
or KG and AB together, are equal to a semicircle; or AB is the 
supplement of G K, the measure of the angle E. And in the same 
way it may be shown that A Cis the supplement of L H, the measure 
of D; and BC the supplement of M J, the measure of F. 


= 


” 
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Proposition VIII. 


Lhe sum of the interior angles of a spherical triangle is greater than 
two, and less than six right angles. 
_ For (see last figure) the measures of the angles A, B, C, in the 
triangle ABC, together with the three sides of the supplemental 
triangle DEF, are equal to three semicircles. But the three sides 
of the triangle DEF are less than two semicircles (Spher. Prop. 5. 
Remark), therefore the measures of the angles A, B, and C are greater 
than a semicircle; hence the angles A, B, and C are greater than two 
right angles. 

And as the interior angles of any triangle, together with the exterior, 
are equal to six right angles, the interior angles alone must be less than 
six right angles. 


Proposition IX. 


If to the circumference of a great circle, from a point in the surface 
of a sphere, which is not the pole of that circle, arcs of great circles be 
drawn, the greatest of those arcs is that which passes through the pole of 
the first-mentioned circle, and of the other ares that which is nearer to 
the greatest is greater than the more remote. 

Let D be the pole of AG F B, C Gand C F arcs of any other great 
circles, drawn from C to AG F B. 
The planes AD B and A F'B are 
perpendicular to each other (Prop. 

3. Cor. 3. Spherics), and A B is 

a diameter. From C in the plane 
ADB draw CE perpendicular 

to AB, jon GE and FE; and 
CE is perpendicular to AE, 4 
GE, and FE (Defin. 1. and 2.4 
Planes) ; and (Prop. 51. Geom.) 

A E is greater than EG, and EG than FE. Therefore, in the right- 
angled plane triangles AEC, GEC, and F EC, having the common 
perpendicular EC, the hypothenuse AC is greater than GC, and 
GC greater than CF. Hence the arc ADC is greater than the are 
GC; and GC is greater than C F, which is more remote from ADC, 


PROPOSITION X. 


Inright-angled spherical triangles the sides containing the right angle | 


are of the same affection as their opposite angles ; that is, if the sides 
be greater or less than quadrants, the opposite angles are greater or 
less than right angles; and, conversely, if the angles be greater or less 


than right angles, the opposite sides are greater or less than quadrants. 


a ae 
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Let ABC bea spherical triangle, right angled at A; produce A C, 
AB, till they meet in G, 
and bisect AB Gand ACG 
in Eand F. Then F is the 
pole of A BG, and E the 
pole of AFG. Join CE, AN 
then C E is a quadrant, and , 
the angle ECA a right 
angle. Hence, when A B is BR i D 
less than A E, or less than a 
quadrant, the opposite angle BCA is less than the angle EC A, or 


¥ 
Rh 


less than a right angle. 

Again, let ADC be a spherical triangle, right angled at A, having 
A D greater than a quadrant, then the angle DC A is greater than the 
angle EC A, or greater than a right angle. 

In a similar manner may the converse be demonstrated. 


Proposition XI, 


If the sides which contain the right angle of aright-angled spherical 
triangle be of the same affection, the side opposite the right angle is less 
than a quadrant ; but if they be of different affections, the side opposite 
the right angle is greater than a quadrant. 

For (see the last figure) when AC and AB are each less than a 
quadrant, C B being farther from CFG than CE, is therefore less 
than C H, or less than a quadrant. (Prop. 9. Spherics.) But if AD 
be greater, and AC be less than. a quadrant, then C D being nearer 
C FG than C £, is greater than C E, or greater than a quadrant. 

Again, in the right-angled triangle CG B, where CG and GB are 
each greater than a quadrant, C B being farther from CFG than 
C E, is less than C KE, or less than a quadrant. 

Cor. 1. Hence, conversely, if the hypothenuse of a right-angled 
spherical triangle be greater than a quadrant, the sides are of different 
affections; and if the hypothenuse be less than a quadrant, the sides 
are of the samie affection. 

Cor. 2. As the oblique angles of a right-angled spherical triangle 
have the same affection with the opposite sides, those angles are of the 
same or different affections, according as the hypothenuse is less or 
greater than a quadrant. 

Cor. 3. When a side and the adjacent angle are of the same affection, 
the hypothenuse is less than a quadrant; and when a side and the ad- 
jacent angle are of different affections, the hypothenuse is greater than 
a quadrant, 
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Proecsition XIE. 

In any spherical triangle, if the perpendicular from one of the angles 
upon the opposite side fall within the triangle, the other angles of the 
triangle are of the same affection ; but if the perpendicular fall without 
the triangle, the other angles are of different affections, 


B 


ee 


C D 3% 


Let ABC bea triangle, and BD a perpendicular drawn from B on 
AC, or AC produced. 

When B D falls within the triangle, the angles A and C of the right- 
angled triangles AD Band BDC being of the same affection with 
B D, are of the same affection with each other. 

But when the perpendicular falls without the triangle, the angles 
DABand DCB, being of the same affection with BD, are of the 
same affection with each other; hence BAC (the supplement of 
DAB) and C are of different affections. 


Proposition XIII. 


In any vight-angled spherical triangle, the rectangle of radius and 
the sine of either of the sides containing the right angle is equal to the 
rectangle of the tangent of the other side, and the cotangent of the angle 
opposite to that side. 

Let ABC be a spherical triangle, right angled at B; and let D be 
the centre of the sphere. From B, in the plane 
DAB, let BE be drawn perpendicular to DA; 
and from E in the plane AC D, let EF be 
drawn also perpendicular to DA, meeting DC 
produced in F, and join FB. Then as D Eis 
perpendicular to EF and E Bat their point of D 


meeting, it is perpendicular to the plane E BF G 
(Geom. Prop. 87), therefore the plane E BF is a A 


perpendicular to the plane A DB, which passes throngh DE. (Geom. 
Prop. 93.) And as the angle CB A isa right angle, the plane F DB 
is at right angles to the plane A DB; hence BF, the common section 
of the planes EB F and F DB, is at right angles to the plane DAB 
(Geom, Prop. 94); and consequently the angles FB D and F BE 
are right angles, and F B is therefore the tangent of BC. . Now, in 
the right-angled plane triangle EB F, we have EB: B F:: rad: tan 
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BEF. But EB is sine of A B, and the angle BE F is the angle 
made by the planes ADC and A DB, or it is equal to the spherical 
anecle BAC. Hence sin AB: tan BC::rad: tan BAC. But 
rad: tan BAC::cot BAC: rad (Art. 5, pave 67); therefore sin 
AB:tan BC:: cot BAC: rad. 
Orrad.sinAB=tan BC. cot BAC. 
And similarly we have rad. sin BC =tan AB: cot BCA. 


Proposition XIV. 


In any right-angled spherical triangle, the rectangle of radius and 
the sine of either of the sides containing the right angle is equal to the 
rectangle of the sine of the angle opposite that side and the sine of the 
hypothenuse. 

From C (see the last figure) in the plane C D A, let C G be drawn 
perpendicular to AD; and from G in the plane BDA let GH be 
drawn also perpendicular to D A, meeting D B in H, and join C H. 

Then it may be shown exactly, as in the last proposition, that 
CHG is a right-angled plane triangle, and that C H is the sine of 
BC; and the angle C G H is equal to the spherical angle B A C. 

Now in the plane triangle C GH, we have CG: C H:: rad: sine 
C GH, or 

sin A C:sin BC::rad: sin BAC. 
Hence rad. sin BC =sin AC. sin BAC. 
And similarly we have rad. sin AB =sin AC. sin BCA. 


Proposirion XV. 
In any right-angled spherical triangle A BC (B being the right 
angle) the following equations obtain. 
Viz. 1. rad. sin AB=tan BC.cotA 
2. rad. sin AB=sin AC, sin C 


38. rad, sin BC = tan AB .cot C F 
4, rad. sin BC =sin AC. sinA 

5. rad .cosAC=cotA. cot C E 
6. rad .cos AC = cos AB.cos BC Cc 

7. rad.cos A= tan AB.cot AC N 

8. rad. cos A= cos BC. sin C B D 
9. rad .cos C= tan BC. cot AC 


10. rad. cosC = cos AB. sin A 
The first four of these equations are demonstrated in the two 
preceding propositions. To show the truth of the other equations, 
let DF be the great circle of which A is the pole, and produce BC 
till it meets D F in F; produce AC and A B aiso till they meet D F 
in E and D. ‘Then as the angles B and D are right angles, F is the 
pole of AB; BD, the measure of the angle F’, is the complement of 
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AB; ED, the measure of the angle A, is the complement of EF ; 
EC is the complement of AC; CF is the complement of BC; the 
angle EC F is equal to the vertical angle ACB; and the angle 
CE F is a right angle. 

Now by Propositions 13 and 14, in the right-angled trials CHEF, 
we have 

rad. sinC E=tan EF.cot ECF; or rad.cos AC =cot A, cot 
ACB. (Equation 5.) 

rad. sinC EB =sinCF.sinC FE; orrad. cosAC =cos BC. 
cos AB. (Equation 6.) 

rad. sin EF = tan CE.cot F; or rad. cos A = cot AC. tan 


AB. (Equation 7.) 
rad. sin EF=sin CF.sin FCE; or rad. cos A =cos BC. 


sin AC B. (Equation 8.) 

And by taking C as the pole ofa great circle, and producing BC 
AC, and completing the figure as above, the ninth and tenth may 
be deduced exactly in the same manner as the seventh and eighth 
have been. 


ScHOLIUM. 


Each of the above equations may be expressed in the form of an 
analogy; and if any three of the quantities which with radius form 
one of the equations be given, the fourth may be found by proportion. 

But in recollecting the different equations, there may be sometimes 
a risk of confounding one of them with another; and an expedient 
which may aid in recollecting the equation which is appropriate to 
the solution of any case that may be proposed, must be considered as 
very desirable. 

Baron Napier, a Scotch nobleman, the celebrated inventor of 
logarithms, had the fortune to observe that, by a particular classifica- 
tion of the parts of a right-angled triangle, all the equations might be 
included in two, easy of recollection, and simple in their application. 

These equations of Napier (commonly called Napier’s Rules for the 
Circular Parts) may be thus explained. 

If in a right-angled spherical triangle, the right angle be dbieedufted: 
there remain for consideration only five other parts: viz. the sides 
which include the right angle, the hypothenuse, and the oblique 
angles. Now the sides which include the right angle, the complement 
of the hypothenuse, and the complements of the oblique angles, are 
called, in Napier’s Rules, the jive circular parts of a right-angled 
triangle; and if of these circular parts one of them be considered as 
the middle part, then the two parts immediately adjacent to it on the 
right and left are called the adjoining extremes, and the two remaining 
parts, each of which is separated from the middle part by an adjacent 
one, are called opposite extremes. 
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Thus in the spherical triangle A BC, right angled at B, if A B be 
considered as the middle part, the complement of A, C 
and the side BC are the adjoining evtremes; and the 
complements of AC, and the angle C, are the opposite 
extremes. If the complement of A be considered as 
the middle part, AB and the complement of AC are 
the adjoining extremes; and BC and the complement A B 
of C are the opposite extremes. If the complement of AC be con- 
sidered as the middle part, the complements of the angles A and C 
are the adjoining extremes, and the sides A B and B C are tie opposite 
extremes. ‘ 

With these explanations of the terms, Napier’s Rules for the solu- 
tion of the different cases of right-angled spherical triangles are— 

1. The rectangle of radius and the sine of the middle part is equal to 
the rectangle of the tangents of the adjoining extremes. 

2. The rectangle of radius and the sine of the middle part is equal 
to the rectangle of the cosines of the opposite extremes. 

If each of the circular parts be taken in succession as the middle 
one, we shall find that these two equations produce all the ten equa- 
tions for right-angled spherical triangles demonstrated above. ‘Thus, 
considering A B as the middle part, B C and the complement of A are 
the adjoining extremes; and the complements of AC and C are 
the opposite extremes. And the first of Napier’s Rules gives, 

rad. sin AB=tan BC. tan complement A, or tan BC. cot 
A. (Equation 1.) 

The second of Napier’s Rules gives 

rad. sin A B = cos complement AC . cos complement C, or sin 
AC. sinC . (Equation 2.) 

If the complement of C be the middle part, we have by Napier 

rad . sin complement C = tan BC. tan complement A C 

or rad . cos C = tan BC. cot A C. (Equation 9.) 

and rad . sin complement C = cos AB. cos complement A 

orrad.cosC =cos AB. sin A. (Equation 10.) 

And in this manner may each of the above ten equations be shown 
to be the same with those produced by Napier’s Rules, and the equa- 
tions of Napier are therefore identical with those which have been 


directly demonstrated. 


Proposition XVI, 


In any spherical triangle the sines of the sides are proportional to the 
sines of their opposite angles. 
In the right-angled spherical triangle A BC (see the last figure) 
we have (Prop. 15.) rad . sin AB =sin AC. sin BC A and rad . sin 
BC =sin AC. sin BAC; hence rad. sin AB: rad. sin BC 
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sin AC.sin BC A:sinAC.sin BAC; or sin AB: sin BC:: 
sin BCA:sin BAC. 

But if the triangle ABC be not right angled, let AD be a | great 
circle drawn from A perpendicular to BC, 
or BC produced. ‘Then in the right-an- 


eled triangle A D B we have R. sin A D mt 

= sin A B. sin B; and in the right-an- Ween 

eled triangle ADC we have R. sin AD D \ 8 D 
‘ ‘ : ‘ , Bb 

= sin AC. sin C; hence sin AB. sin B 

— sin AC. sin C; orsin A B: sin AC:: sinC: sin B. 


Proposition XVII. 


In any oblique-angled spherical triangle A BC (see the last figure), 
if AD be a perpendicular from A on BC, or BC produced, the fol- 
lowing proportions obtain. 

Viz. 1. cos BD: cos DC ::cos AB: cos AC 
2. cos B: cosC:: sin BA D:sinCAD 
$: sin BD: sin DC: ¢ cot b seowe 
4,cosBAD:cosC AD:: cot AB: cot AC 
tan BD:tan DC:: tan BAD: tanC AD. 

For Prop. 15, Equation 6, rad . cos AB=cos AD. cos BD; and 
rad .cos AC = cos AD. cos DC, whence cos A D. cos B D: cos 
AD:cos DC::rad.cos AB: rad . cos AC, or 

cos BD: cos DC::cos A B.cos AC. (Proportion 1.) 

By Equation 8, Prop. 15, rad . cos B= cos AD. sin BAD; and 
rad .cosC = cos AD. sinC AD. 

Whence rad. cos B: rad. cosC ::cos AD.sin BA D:cos AD. 
sin C AD, or 

cos B: cos C:: sin BA D: sin C AD. (Proportion 2.) 

By Equation 1, Prop. 15, rad. sin BD = tan A D. cot B; and 
rad .sin DC = tan AD . cot C. 

Therefore rad. sin BD: rad.sin DC:: tanAD.cot B:tan AD. 
cot C 


or 


or, sin BD: sin DC:: cot B: cot C. (Proportion 3.) 

By Equation 9, Prop. 15, rad. cos BAD = tan AD.cot AB; 
and rad .cosC A D= tan AD. cot AC. 

Therefore rad .cos BA D:rad.cosCAD:: tan AD.cot AB: 
tan AD. cot AC 

or, cos BAD:cos CA D::cot AB: cot AC. (Proportion 4.) 

By Equation 3, Prop. 15, rad. sin AD = tan BD. cot BAD, 
andrad. sin A D=tan DC. cot CAD. 

Whence tan BD. cot BAD = tan DC. cot CAD, or tan BD: 
tan DC::cotC AD:cot BAD. 
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But cot CA D: cot BA D:: tan BAD: tan CAD. (Art. 5. 
page 67.) 
Therefore tan BD : tan DC 22 tan BAD ¢ tan CAD. (Proportion 5.) 


Proposition XVIII. 


To investigate the relation between the cosine of an angle of a sphe- 
rical triangle, and the sines and cosines of tts sides. 

Let ABC (see the last figure) be a spherical triangle, and AD a 
perpendicular from A on BC, or on BC produced. Then (Prop. 17.) 
cosA B:scosAC :: cosBD:cos DC. But when A D falls within 
the triangle DC = BC — BD, and when AD falls without the 


triangle DC =BD—BC. Now cos BC — BD is equal to cos 


BD—BC, for each of them is equal to cos BC . cos BD + 
sin BC.sin B D (Form. 1. Prop. 3. Trig.) ; therefore cos A B : cos AC 
::cosBD:cosBD.cosBC+sin BD. sin BC. Or dividing both 
the latter terms of the analogy by cos BD, we have cos A B : cos 
Sip Dis, sin BD 
AC ::1%cos BC + SBD” sin BC. But 3p tan BD. 
Hence cos A B : cos AC :: 1 : cos BC + tan BD. sin BC. 
Now (Prop. 15.) rad. cos B = tan BD. cot AB; or tan BD = 
ae ae oo te ee z . Substituting this for tan B D in the 
above proportion, and multiplying each of the latter terms by cos 
AB, we have cos AB: cos AC :: cos AB: cos AB.cos BC + 
sin AB. sin BC. cos B. 

Hence cos AC = cosAB.cosBC + sin AB. sin BC. cos B, 
or sin AB. sin BC . cos B= cos AC — cos AB. cos BC; whence 
cos AC — cos AB. cos BC 

sin AB. sin BC 

Cor. If the sides opposite the angles A, B, and C be respectively 

represented by the corresponding small letters a, b, and c, the above 


theorem will be expressed thus: 


cos b— cosa@.cosec 
cos B —- 


cosB = 


i eg 


sing. sinc 
By processes perfectly similar, like theorems may be deduced for 
cos A and cos C. 
Hence 


cos @—cos bh. cose cos 6 — cosa@.cos c 


< costes ae fie Te ee ; 
Sl @. sln c 


cos A = 


sindO.sine 
cos ¢ — cosa. cos b 


sina. sin b 


cos C = 
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PROPOSITION XIX, 


To investigate the trigonometrical relation between the sides of a 
spherical triangle, and the half of any of its angles. 

Adopting the notation used in the resulting formule of the preced- 
ing proposition, if we take any of the angles as A, we have 


cos a — cos b. cose B 
cos A = —______ "But 1 4+ cos AS uae 
sin 6. sine pa a 
oA : A + 
2 cos? —(Form. 4. Prop. 3. Trig.) Hence 2cos* —= /~ 6 —™~ 
" 2 A C 


cosa@—cosb.cose_ sin 6. sin c + cos a —cos 0. cos c 


Tee's A a a ie 


sin 6. sine a sin 6. sine 
— cosa — (cosb. cose —sinb. sinc) cosa —cosb +e (Trig 
sin 6. sine me sind. sine sa 
Prop. 3. Form. 1.) 
Ob bch 6. b+ ose 


2 sin my TR aa 5 
> ———._ (Trig. Prop. 3 Form. 3.) = 
sin 6. sinc 


2 “sin oe sin «) 


we 


a 
ew 


Or if S be put for 


sin 6. sine 


atb+te A 2sinS.sinS—a@ 
, we have 2 cos? — =——-__________ ; or 
2 2 sin db. sine 
Ase nin S = sin S— a y hrs 
cos? —— = —————_--__, to radius unity, or cos = 
2 sin} . 2 
sinS .sinS —a.rad.rad_ sinS. sinS — a. cosec b . cosece 
sind. sine ae rad? 
A aera ee 
or cos —= 4 / sin S .sin S — a. cosec b. cosec c 
2 


rad? 


Bian 4 eee. 
Again, as 1 — cos A= 2 sin? Cy (Form, 4. Trig.) we have 2 sin® 2: 


cosa@a—cosb.cose — sin 6. sin c— cos @+ cos §. cose 
ee ee ee eee 


SE 


Ay sind. sine sin 6. sine 
cos b. cos c+ sin 6. sin c—cos @ cos b—c—cosa ,. 
met sin 6. sinc Be sin 6. sin Pi iis 
Prop. 3. Form. 1.) 
@tb—e , a+e—b 
eel 0 Sree en 
ns 2 EE a (Trig. Prop. 3. Form. 3.) 


sin 6. sine 
b b 
2 sin eae _— ) . sin Lia 0 ae mB : =) 


. Or putting S, as 
sin dO. sinc 


i | ieee 
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atb+e roe asin < Gai c 
above, for — ————., we have 2 sin? —= ; 
2 2 sind. since 


and, by a reduction similar to the preceding, we obtain 


a sin S— b.sin S—c. cosech . cosecc 
2 rad? 


By like processes, similar formule may be obtained for sin and cos 
B C 
of my and mY ° 


The formule for the half of any angle A may be thus arranged 
for the convenience of reference; A, B, and C representing the angles, 
a, 6, and c their opposite sides, and S half the sum of the sides. 


sin > = sinS — 6.sinS —c .cosec d. cosece 
rad’ 


cosy = = eA sin S. sin S — a. cosec b . cosec Cc 
rad? 
In logarithms these formule are 


<A 
log sin > = 


log sin S— 5+ log sin S—c + log cosee b +- log cosec ¢ — 20 
/ 2 : 
A 
log cos ars 
log sin S + log sin S — a + log cosec b + log cosec c — 20° 
9 


Proposition XX. 


In any spherical triangle, as A BC (Fig. to Prop. 16), if AD 
be a perpendicular from A on BC, or on BC produced ; then tan 
BD+DC BA+AC BA AC BDw DC 
ea stan ————-—— ; ; tan ———_—— ; tan --_-- —, 

For letAC=b,AB=c,CD=m™, and BD=n 

Then (Prop. 17. Spherics) cos 6: cos ¢?3cos m: cos; whence 
(Geo. Prop. 69.) cos 6 4+ cos ¢ } cos b © cosc 3: cos m fi: cos n: 
cos m wm cos 2; or (Prop. 3. Form. 9. Bik 


b+e oc. m oo 
2 


cot ; tan _ 23 €0 ; tan — or (Geo. Prop. 68.) 


b ; N mM w/N : 
cot x F > cot “> és ». tan -<— > tan —— s OfGL mo eArt, 5 
b Cc boe moan 
page 67) tan et ba tan I hak 5 —: tan ——)— ai 


Cor. When the perpendicular A D falls within the triangle B D + 
1) C = BC, and when A D falls without the triangle BD » DC=BC, 
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the base. Therefore in the first case we have tan ae : tan 9 
BAMnAC BDwo DC 
:: tan —-———-— : tan —————— ; and in the second tan ; 
2 2 2 
BA +AC BAMAC B D+ DC 
tan AACE Ts ROIS ST oLan i : tan ——— soa 


Cor. By this proposition, an oblique-angled spherical triangle, whose 
sides are given, may be divided into two right-angled spherical tri- 
angles, in each of which the hypothenuse and a side will be given ; 
and hence the angles of the triangles may be determined without re- 
ference to the formule in the last proposition. 


Proposirion X XI. 


Adopting the notation in Prop. 19, zé ts proposed to demonstrate the 
following expressions. 


a b a he, 
COL ease + —- . COS ——=a5 
Rist: + B : 2 2 
1h pon ete ee 
2 rad? 
: C a b --  a—b 
cot —. cosec — . sin 
—B 2 2 
SNe ee 
2 rad2 
: Cc A+B A—B 
an—. sec — . cos ——— 
a+b 2 2 
tan ———— = 
4 rad2 
: Cc Boo eee 
an— . cosec —— . sin — 
tan ——__- = 
2 rad? 


From the formula for cos C, Prop. 18, we have 
cos c= sina. sin 6. cos C + cosa. cos B. 
Substituting this for cos c, in the formula for cos A, in the same 
Prop., we have 


cos @d — cos 6, sind. sina. cos C — cosa. cos? b 


— 
—o 


cosA = é, 
sind. sine 


cos a (1 — cos? b) — cos b. sind. sina. cosC 


——_—_—__. 


ee 
oe 


sin 6. sine 


cosa@.sin?6—cosd.sin bd. sina. cosC 


— 
st 


sindO.sine 


cos @.sin b—cos 6.sina.cosC 


; ,and bya similar process 
sin c 


cos hb. sina —~cosa.sing.eosC wey 


we have, cos B = 


sinc 
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(cosa. sin 6 + sin a . COs b). 1— cos C 
sin c isk 


Whence cos A+cos B= 


et Se C 
sina+6.2 1 ea 
— (Form, 1 and 4, Prop. 3, Trig.) 


sin c 
: é sin A + sin B 
Again, as sin A: sin B::sin a@:sin 0, therefore ie Se ek a Sa 
toy sin B 
i + sj pa sin @ + sin 6) sin B 
ee ett or, sin A + ee ema la: Ae NOLES 
sin b sin b 
sin A + sin B sin a -+ sind sin c. sin B 
plane s;A+ cos B ri ——— Ryu. sD wae 
-" 2.sina+.sin (Sey 
sinec.sin B C 
But —————— = sin C = 2 sin-— .cos — S (Brig ., Prop. 3, Form. 4) 
sin } 2 
sin A + sin B A+B : 
d rete iey of ——— (Trig., Prop. 3; Form. 10. 
cos A +cos B es Ching: Cnet ) 
a+ 6.2 sin : . cos G 
A B sin sin it ee ae 
Hence tan = 2 2 
2 i aa AC 
Qsinatdb. sin? 
i aN mee! aS eae ite 
. ——., — «coti—— 
a 2 gel iad Big 
. a+b a+b , C a+b 
2 sin .cos ———. sin— cos ———— 
p. 2 yi, 
C atb a—b 
res: sec ornaags Oe cos ———— 
Sei: , the first equation. 
sin A — sin B sis, sina — sind 
Similarly, ———— . si 
een, cos A+ cosB PUNT ETON he 
2sinad + 6. sin? 5 
Whence, as above, 
a—b C Cc b lies & 
sin ——. cot > cot — . cosec Can) . sin ona 
A—B St 2 2 2 
OE ae . atodb pe rad? 
sin 


2 
the second equation. And if, in the triangle supplemental to A BC, 
180 — a be substituted for A, 180 —6 for B, 180 —c for C, the 
above equations will be transformed into the third and fourth. 


! ; hc 
In applying these formule, it is proper to.notice that << and 


H 
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—b ‘A—B 
Rote Burs always of the same affection; and that = =e and oy a 


nd 


are always acute. 


Proposition XXII. 


When two sides of a spherical triangle, and the included angle, are 
given, to find the third side. 

Let the given sides be 6 and c, the included angie A, and the oppo- 
site or required side be a. Then, (Prop. 18, Spherics,) cos A = 
Smiltat ‘as . met whence cos @ = cos b. cose + sinb.sine.cos A. 
sin 6. sin G 


But, from Form. 4, Plane Trig., page 72, we have cos a=1l— 


Peet A 
2 sin” 3B? cos A = 2 cos? whey, and cosh + c=21 —2 sin 
5 “ e ° a 
Hence, from the above equation, we have 1—2 leas = cosb.cosc + 
aie 5 mye’ ; ; ; 
sin 6. sin c\2 cos a ae 1 ¢=cosb.cosc — sind. sine+sinb. 


Sin c. 2 cos? =cos b+ec + 2. sin 6. sin ¢. cos’ So 1 — 


a 
A 
2° cee +.2.sinb.sine. cos’ > Or, sin + Se sit 5 
—sin? M (sin M being put for sind. sine. cos? z)={ sin f a 
b j i 
+ sin mt : sin —_ sin mt (Geo. Theor. 43.) = Mg + m{ 


sin iS my M \ (Form. 6, Plane Trig., page 72.) 


CONSTRUCTION AND USE OF THE MARINER'S SCALE. 


Tue scale commonly used by mariners is two feet in length, and on 
one side cf it are drawn several scales of equal parts, lines of natural 
sines, tangents, chords, &c.; and on the other side scales of the loga- 
rithmic relations of the numbers representing these lines. 

The line marked Rum, or Rhumbs, exhibits the relative lengths of 
the chords to every point and quarter-point of the mariner’s compass, 
or to every thirty-second part of the quadrant. 

The lines of chords, sines, tangents, and secants exhibit the relative 
lengths of these lines to every degree of the quadrant; and the chord of 
60° is the radius of the circle to which each of the scales is adapted. 


Ee 


‘The line of semitangents contains merely the tangents of half the 
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® ares marked on the line. Thus the semitangent of 20° is the tangent 
of 10°, &e. 

On another part of the scale, a line of chords is generally given toa 
longer radius, accompanied with a line of rhumbs to the same radius. 
To this line of chords a line marked M. Lon. is also adapted, shewing 
the number of miles on any parallel of latitude, which corresponds to 
a degree of the terrestrial equator. Thus, opposite 40° on the line of 
chords stands nearly 46 on the line M. Lon.; which denotes that, on 
the parallel of 40°, 46 miles correspond to a degree of longitude, 

The other parts of this side of the scale are generally filled up with 
lines of equal parts, of various lengths, marked L, P, Lea, and C; 
but the principal and most useful of these lines are two diagonal 
scales, of which the lengths of the largest divisions are an inch and 
half an inch, respectively. 

The manner of using these diagonal scales will be readily under- 
stood from an example. 

Let it be required to take the number 438 from a diagonal scale. 
Extend the compasses from 4 on the larger divisions to the third of 
the smaller ones; move one point of the compasses along the vertical 
line 4, and the other on the oblique line running from the third smaller 
division till they both come to the eighth parallel line; and the dis- 
tance between the points of the compasses will be the measure of the 
required number on that scale. 

The application of logarithms to a scale was first made by Mr. 
Edmund Gunter, and hence that side which is logarithmically divided 
is called Gunter’s Scale. The first two lines, marked S. Ruumes and 
T. Ruump, are divided according to the logarithmic relations of the 
sines and tangents, to every point and quarter-point of the compass ; 
and the lines marked Sin and Tan are in fact the same lines as those 
marked S. Ruums and 'T. Ruvums, but divided to degrees. 

The tangents of arcs greater than half a right angle are placed 
and numbered backward on the same line with the tangents of their 


rad cot 

= —, therefore log rad — log tan = 
tan rad ’ ri Big 
log cot — log rad. Now the tangent of half a right angle is equal to 
the radius; therefore the distance on the Jogarithmic scale, from the 


tangent of any less angle than half a right angle to the tangent of half 


complements. For as 


a right angle, is the same as the distance from the tangent of half a 

right angle to the tangent of the complement of the proposed angle. 
The tangents, therefore, which increase towards the left must be used 

as if they were placed on the scale continued towards the right from 

tangent 45°, or 4 points. The line marked Num. exhibits the relations 

between the lowarithms of all numbers, of which the greatest does not 

exceed 100 times the least. As the difference between the logarithms 

H 2 
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of ] and 10 is the same as the difference between the logarithms 10 
and 100, this scale is divided into two parts, which are perfectly 
equal, and similarly divided. Thus log 2°1 — log 1= log 21 
— log 10; therefore, the distance from the beginning to 2‘lis the 
same as that from 10, the middle of the scale, to 2, and one smaller 
division towards the right, or 21. If the 1 on the left hand be con- 
sidered as 10, the 10 in the middle will represent 100, and the 10 on 
the right 1000. If the 1 on the right be considered as ‘1, the 10 in 
the middle will represent 1, and the 10 on the right will represent 10 ; 
and in each case the intermediate divisions and parts of divisions have 
corresponding values. 

The line of Versep Sines is not exactly what its title might import ; 
it contains the logarithms of half the versed sines of the supplements 
of the arcs marked on it. Its chief use is to determine, by an instru- 
mental operation, the angles of a plane or a spherical angle when 
the sides of it are given. 

In the construction of the line of the logarithms of numbers, a line 
equal to the distance from 1 to 19 is taken, and decimally divided ; 
and this whole line being considered as representing the logarithm of 
10, those parts of it from 1, which correspond to the logarithms of 
the increasing integers, and the leading decimal parts, are taken and 
transferred to the scale. The various other logarithmic lines on this 
side of the scale are taken from the same decimal scale of equal parts 
that the line of the logarithms of numbers is formed from. 

In constructing the line of sines, the difference between 10, the loge 
sine of 90, and the logarithmic sine of any other angle, is taken from 
the decimal scale, and applied from 90° towards the left; and in con- 
structing the line of tangents, the difference between 10, the log tan- 
gent of 45° and the log tangent of any other angle, is taken from the 
decimal scale, and applied from 45° towards the left ; and'the degrees 
are then marked at the points corresponding to them. 

The line marked versed sines is formed by subtracting the logarithm 
of 2 from the log suversed sine of the given are, and taking the re- 
mainder, for the parts ‘of the required scale, from the same line of 
equal parts that the other scales are formed from. 

The line marked Mer. exhibits the length of the meridian from the 
equator, according to Mercator’s projection of the globe, in which pro- 
jection the meridians are all parallel lines. The line below it, marked 
E. parts, or equal parts, shews the parts of the meridian, whose pro- 
jection is shewn in the line above. These two lines are used jointly 
in forming a Mercator’s chart ; the line of equal parts being used to 
Jay down the equator and the parallels of latitude, and the line of 
Mer. parts to project the meridians ; but the lines are too small to be 
of much use in the practice of drawing charts. 

The lines on the scale afford a ready method of obtaining, in a 


; 


a 


| 
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rough way, a fourth proportional to three given numbers. And when, 
through the uncertainty of the data, a rough estimate of the result is 
all that can be obtained ; or when, from the nature of the case, a very 
accurate result would be of no practical benefit, such results as can be 
obtained from the scale may be as useful as those deduced by methods 
which admit of greater precision. 

The following general rule may be given for finding a fourth pro- 
portional by the scale. 

If the first and second terms are of the same denomination, extend 
from the first term to the second, and that extent applied in the same 
direction will reach, on the proper line, from the third term to the 
required fourth proportional; or, if the first term and the third are of 
the same denomination, extend from the first term to the third, and 
that extent applied in the same direction will reach, on the appropriate 
line, from the second-term to the fourth proportional. 

Note. The tangents of arcs above 45°, which increase on the scale 
towards the left, must, 27 estimating the direction, be considered as 
continuing to increase from 45° towards the right. 

_ Let it be required, by way of example, to find a fourth proportional 
to 34, 58, and 49, 

Extend towards the right on the line of numbers from 34 to 58, and 
that extent applied from 49, also toward the right, on the same line, will 
reach to 83°6, the required fourth proportional. 

Again, let it be required to find the arc whose sine is a fourth pro- 
portional to 484, 367, and sine of 51°. Extend towards the left from 
484 to 367 on the line of numbers, and that extent applied on the line 
of sines towards the left, willreach from 51° to 36° 6’, the arc whose 
sine is the required fourth proportional. 

Let us again inquire what that arc is, whose tangent is a fourth pro- 
portional to the sine of 26°, the sine of 78°, and the tangent of 40°. 

Extend towards the right on the line of sines from 26° to 78°, and 
that extent applied from 40° on the line of tangents towards the right, 
will reach beyond the limits of the line. ‘To find how much it reaches 
beyond the line, with the same extent in the compasses place one foot 
of them at 45°, then the other will extend towards the left as much 
beyond 40° as in the former case the extent went beyond the end of the 
line, and the distance between this point and 40° applied from 45° 
towards the left will. reach to 61° 54’, the arc whose tangent is the 
required fourth proportional. 

The use of the line of versed sines may be thus explained. We have 
found in plane trigonometry that S being half the sum of the sides of a 
triangle, of which the three sides are a, 6, and c, and the angles opposite 
those sides A, B, and C, respectively, then 


1+cosA suvers A rad.S.S—a 
——, or — = 
2 b,c 


— 
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And, adopting a like notation, we have in any spherical triangle, 


1 +cosA or Suvers A _rad.sinS.sinS —@ 
2 ; 2 oe sind. sine ; 
d.8.5 — 

Now the first of these equations, “es y may be resolved 
°C i 
into the two following analogies, viz. 

be 
5 43} Oe me5 
nas 
and BE : Sto atrad (88 ae BAG ¢ .0rne 
S b.c 


And the second equation, may be resolved 


sin 6. sine 
into the two following analogies, viz. 
sin db. sine 


rad: sind ::sine: 5 


rad 
RID Geen Sayan eee . o— rad.sinS.sin S —a@ 
and —-——-—--—__—- : sin § <: sin S — @ ¢ - ee 
rad sindB. sine 
suvers A 
2 


Hence to find, by the scale, any angle of a plane triangle whose sides 
are given, we have this rule. 

Extend on the line of numbers from half the sum of the three sides 
to one of the sides containing the required angle, and that extent will 
reach, in the same direction, from the other side about the required 
angle to a fourth number. Extend from this fourth number to the 
difference between half the sum of the sides and the side opposite the 
required angle, and the extent will reach from 0° on the line of versed 
sines to the required angle. 

And to find any angle of a spherical triangle whose three sides are 
given, we have this rule. 

Extend on the line of sines from 90° to either of the sides about the 
required angle, and this extent will reach, in the same direction, on the 
line of sines, from the other side about the required angle to a fourth 
arc. Extend on the same line from this fourtix are to half the sum of 
the three sides of the triangle, and this extent applied in the same 
direction, and on the same line, will reach from the difference between 
half the sum of the three sides and the side opposite the required 
angle, to another point on the line, below which, on the line of versed 
sines, will stand the required angle. # 


Example 1. Given the three sides of a plane triangle 1267, 849, and 
729, to find the angle opposite the greatest side. 
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729 
2) 2845 
"1422 Half the sum of the three sides. , 
"155 Difference between the half sum and the ereatest side. 


—— 


Extend then from 1422 to 849, and that extent will reach in the 
same direction from 729 to 485. Extend from 435 to 155, and that 
extent will reach from 0° on the line of versed sines, to about 1063°, 
the required angle. 

Example 2. Given the three sides of a spherical triangle 43° 14’, 
37° 28’, and 51° 20’, to find the angle opposite the least side. 


37° 28 
43 14 
51 20 
2)132 2 


66 aL Half the sum of the three sides. 
28 338 Difference between the half sum and the least side. 


——. 


Extend on the line of sines from 90° to 51° 20’, and that extent 
will reach in the same direction from 43° 14’ to 32° 20’ on the line of 
sines. 

Extend from 32° 20’ to 66° 1’, and that extent will reach in the 
same direction from 28° 33’ to about 544° on the line of sines, below 
which on the line of versed sines stands nearly 503°, the required 
angle. 

Example 3. Let it be required to find the greatest angle of a 
spherical triangle whose three sides are 114° 28’, 121° 6’, and 88° 4’, 


114° 28’ 
121 6 
88 4 
2)323 38 


161 49 Half the sum of the three sides. 


ty ee 


40 43 Difference between half the sum and the greatest side, 


i nee 


Extend on the line of sines from 90° to 65° 32’, the supplement of 
114° 28’, and that extent will reach in the same direction from 98° 4/ 
to about 653° on the line of sines. Extend from 654° to 18° 11’, the 
supplement of 161° 49’, and that extent will reach, in the same 
direction, from 40° 43’ to about 13° on the line of sines, below 
which stands, on the line of versed sines, nearly 1234°, the required 
angle. 
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APPLICATION OF TRIGONOMETRY TO THE NUME- 
RICAL COMPUTATION OF THE DIFFERENT PARTS 
OF RIGHT-ANGLED PLANE TRIANGLES. 


Tuat all the parts of a right-angled plane triangle may become ~ 
determinate, three parts of it must be given; and, at least, one of these 
parts must be a side. Now the right angle is always a given quantity, 
therefore either two of the sides, or a side and one of the acute angles, 
must be given, before the other parts can be computed. 

In Prop. 4 of the theory of Trigonometry, the following proportions 
have been deduced, which are sufficient for the solution of any case that 
can arise from considering different parts of the triangle as given. 

1. Any side of a triangle is to the sine of its opposite angle, as any 
other side is to the sine of its opposite angle; and, conversely, the sine 
of any angle is to its opposite side, as the sine of any other angele is 
to its opposite side. 

2. Either of the sides containing the right angle is to radius as the 
other side is to tangent of its opposite angle; and, conversely, radius 
is to either of the sides about .the right angle, as the tangent of the 
anele opposite the other side is to that other side. 

3. Either of the sides containing the right angle is to radius as the 
hypothenuse is to the secant of the acute angle adjacent to that side; 
and, conversely, radius is to either of the sides containing the right 
anele as the secant of the acute angle adjacent to that side is to the 
hypothenuse. 

Remark. As each of the acute angles is the complement of the cther, 
the cosine, cotangent, or cosecant of either of the angles may be sub- 
stituted, in the above proportions, for the sine, tangent, or secant of 
the other. 

The proportions will in general be most conveniently solved by 
logarithms; the logarithm of the first term taken from the sum of 
the logarithms of the second and third will leave the logarithm of the 
required result. 

To the above proportions the following useful properties of right- 
angled plane triangles may be added. 

i. The number representing the hypothenuse is equal to the square 
root of the sum of the squares of the numbers representing the other 
two sides. (Geo. Theo. 44.) 

2. ‘The number representing either of the sides is equal to the square 
root of the product of the sum and the difference of the numbers repre- 
senting the hypothenuse and the other side. (Geo, Theo. 44, Cor.) 
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EXxamp_e [. 
In the right angle triangle ABC, given the hypothenuse A C 
840°4, and the Z A 38° 16’, to find the other parts. 


By ConstRvUCTION. 


Draw the horizontal line A B, and make the angle A equal to about 
381°, on AC from a scale of equal parts lay off $40°4, c 
and from C let fall on A B the perpendicular BC, then rte 
AB and BC, measured on the scale of equal parts ere | 
from which A C was taken, will be found respectively A 


1o be about 660 and 520. 


By CALcuLaTION, 
The angle C being the complement of the angle A, is 51° 44’. 


To find AB. To find BC. 
EY VANS: care 60 ofei sles 10'000000 | As radius ......... 10°:000000 
pA CiB40i4)..0-.. wee 62924486 |: AC 840-4 .....06. 2924486 
::cos Z A 38°16’... 9°894945 | :: sine Z A 38°16’... 9°791917 
12°819431 -12°716403 
Samoa... 2-819481 |: BC5205-......, ~ 2°716403 


oo 12 es 


By GuNTER’s SCALE. 


Extend on the line of sines, from rad or sine 90°, to 38° 16’; that 
extent applied on the line of numbers, from 840°4 towards the lefi, 
will reach to BC, 520°5. Again extend on the line of sines from rad 
to 51° 44’, the complement of the angle A, and that extent applied on 
the line of numbers from 840°4 towards the left, will reach to A B, 
659°8. 

By INSPECTION. 


In Table 2, under 38°, and opposite 210, the fourth part of AC, in 
the column of dist., we have 165:5, for the fourth part of A B, in the 
column of lat,, and 129°3 for the fourth part of BC, in the column of 
dep. 

And under 39°, and opposite 210, we have 163°2 and 132'2 for the 
fourth part of A B and BC respectively. Hence , 
with the angle A 38° the fourth part of A B is 165°5, and of BC 129°3 

39° 163°2 132°2 


Difference for one degree — 2°3 -+- 2:9 


Now the difference between 38° and the given angle is nearly a 
AB. 2°3 
quarter of a degree. Hence | 3s nearly equal to 165°5 — “araet 
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| | BC . 
to 1655 — °6, or to 164:9; or A B= 659°6 nearly. And ee aee 


29 
nearly equal to 129°3 + orgie: to 129°3 + -7 or to 130; or BC = 


520°0 nearly. 
EXxamp.e II. 


In the right angle triangle A BC (see the last figure), given the 
base A B 1214, and the angle A 51° 40’ 30” to find the other parts. 


By ConstTRUCTION. 


Draw the horizontal line A B, and make it of the proposed length 
from any convenient scale of equal parts. Make the angle A of the 
given magnitude, and draw BC perpendicular to A B, meeting A C 
in C. Then AC, measured on the scale of equal parts from which 
AB was taken, will be found 1958, and BC, measured on the same 
scale, will be found 1536 nearly. 


By CatcuLArtIon. 


To find AC. To find BC. 

Ag vaditis ......... 10:000000 |. AS fadits 7 oo, oes, 1L0'000000 
SVR Calan 3:084219 |: AB1214......... 3:084219 
>:sec Z A 51° 40’ 30” 10°207523 | :: tan Z A 51°40’ 30” 10:102119 
13°291742 13°186338 

SAC 1957'% ve ccace 3291742 |: BC 15358 .....0. ~ 3186338 
As cos A 51° 40'30", 9792477 | As cos A 51°40'30". 9-799477 
PAB 1214 620.0... ° 30842101 PAB lela ee 3084219 
oh ea thet area ..... 10°000000 | :: sin ZA 51°40'80"” 9:894596 
-13°084219 12978815 

“AC 1957°7...-0-.6 3291742 |: BC.153858....... "3'186338 


SE RSE POT, He re a 


By GunTeEr’s SCALE. 


Wktend on the line of sines from 38° 19’ 30", the complement of the 
angle A, to radius, or sine of 90°; that extent applied on the line of 
numbers from 1214 towards the right will reach to A C 1958. Again, 
extend from radius, or, 45° on the line of tangents, to 51° 40’ 30”; that 
extent applied on the line of numbers from 1214 towards the right will 
reach to BC 1536. 

By Inspection. 


With the angle A considered as 51°, at the bottom of Table 2, and 
1214, the tenth part of AB, in the column of Jat. we have in the 
columns of dist. and dep. about 193, and 150 for the corresponding 
parts of AC and BC. And taking 52° for the angle A, we have 197 
and 155°2 nearly, for the tenth parts of AC and BC. 
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Hence with the angle A 51° we have AC 193 and BC 150 
52° 197 155°2 


Difference for one degree + 4 + 5:2 


Now 40’ 30” being about $ of a degree, we have the tenth part of 
AC =193 + 3 of 4 nearly, = 193 -+ 2°6 nearly = 195°6 nearly; 
whence A C = 1956 nearly. And the tenth part of BC = 150 + & 
of 52 = 150 + 3°4 = 1534; whence BC = 1534 nearly, 


EXAMPLES FoR EXERCISE. 


Let ABC (Fig. p. 105) represent any plane triangle, right-angled 
at B. 
1. Given AC 73°26, Z A 49° 12/ 20”, required the other parts ? 
Answer, Z C 40° 47’ 40”, B C 55°46, and A B 47°87. 
2. Given A B 469°34, and Z A 51° 26’ 17”, to find the other parts? 
Answer, Z C 38° 33/43”, BC 588°7, and AC 752:9, 
3. Given A B 493, and Z C 20° 14’, required the remaining parts ? 


Answer, Z A 69° 46’, BC 1338, and AC 1425. 
4, Let AB = 331, Z A = 49° 14’, what are the other parts ? 


Answer, AC 506'9, BC 383°9, and Z C 40° 46’. 
. IF AC = 45, and Z C = 37° 22’, what are the remaining parts ? 
Answer, A B 27°31, BC 35°76, and Z A 52° 38’. 
6. Given A C 4264°3, and Z A 56° 29/ 13”, to find the remaining 
parts ? Answer, A B 2354°4, B C 3555'4, and Z C 33° 30! 47”, 
7. If AB = 8372°1, and BC = 694:73, what are the other parts? 
Answer, AC 8400°9, Z C 85°15’, and Z A 4° 45’. 
8. If A B be 63:4, and A C be 85°72, what are the other parts ? 
Answer, BC 57'7, Z C 47° 42/ and Z A 42° 18’. 
9. Given A C 7269, and A B 3162, to find the other parts ? 
Answer, BC 6545°2, ZC 25° 47/7”, and Z A 64° 12/53”. 
10. IfA B = 621°3, and AC = 918°4, what are the remaining parts ? 
Answer, Z A 47° 26’, Z C 42° 34’, andB C 6763. 
11. If AC = 4184, and A B = 2632, what are the remaining parts ? 
Answer, B C 3252°4, ZA 51° 1/8”, and ZC 38° 58’ 52”, 
12. If AB = 732:1, and Z A = 60° 10’ what are the other parts ? 
Answer, A C 14716, BC 1276°59, and Z C 29° 50’. 
13. Let A C be 225, and B C be 90.37, required the other parts ? 
Answer, A B 206, Z A 23° 41, and Z C 66° 19”. 
14. Given Z A 70° 4’ 38”, and A B 67289, to find the remaining parts ? 
Answer, B C 185653, A C 197471, and ZC 19° 55/22”. 
15. Given Z C 88° 4/56”, and A C 7396:2, to find the remaining parts ? 
Answer, BC 247°5, A B 7392, and Z A 1° 55/ 4”. 
16. Given A C 631'25, B C 74:9, to find the other parts ? 
Answer, A B 626'8, Z A 6° 48/52”, and ZC 83° 11'8”. 


or 
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APPLICATION OF TRIGONOMETRY TO THE NUME- 
RICAL COMPUTATION OF THE DIFFERENT PARTS 
OF OBLIQUE-ANGLED PLANE TRIANGLES. 


Tuat the different parts of an oblique-angled plane triangle may be 
computed, all the sides, two angles and a side, or two sides and an 
angle, must be given. Now when two of the angles are given, the 
third, which is the supplement of their sum, is known; hence, in that 
case, all the angles, and a side opposite to one of them, are given, to 
determine the other two sides. When one of the angles is given, the 
supplement of it, which is the sum of the other two, is known; there- 
fore when one of these other angles is determined, the remaining 
angle is obtained at once. 

‘The formule which have been demonstrated in the theory of trigo- 
nometry furnish the following rules for the solution of the different 
cases. 

1. When two sides and an angle Para to one of them, or two 
angles and a side, are given. 

As any side of a triangle is to the sine of its opposite angle, so is 
any other side of the triangle to the sine of its opposite angle; and as 
the sine of any angle of a triangle is to its opposite side, so is the sine 
of any other angle of the triangle to its opposite side. 

Note. When in the first of the foregoing proportions the less of the 
given sides is opposite to the given angle, the angle determined from 
the proportion may be either acute or obtuse, and the problem solved 
is then said to be ambiguous. Butas the angles of every triangle are 
acute, which are opposite the least two of the sides, when the greater 
of the given sides is opposite the given angle, the angle determined 
from the proportion must be acute, and therefore in that case the 
problem is not ambiguous. 

2. When two sides and the contained angle are given. 

If a perpendicular be demitted from the extremity of one of the 
given sides, upon the other, or the other produced, the solution of the 
problem may be effected,by computing the parts of the two right- 
angled triangles, which will be formed by the perpendicular and the 
sides of the triangle; and the computation will be facilitated by 
applying this property of oblique-angled triangles, demonstrated as 
Prop. 6, Trigonometry—viz., the segments of the base are to each 
other as the contangents of their adjoining angles. Or the angeles 
opposite the given sides may be determined as follows. 

As the sum of the given sides is to their difference, so is the tangent 


a. 
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of half the sum of their opposite angles to the tangent of half the differ- 
ence of the same angles. (Trig. Prop. 7.) 

And this half difference of the angles added to half their sum gives 
the angle opposite the greater side, and subtracted, leaves the angle 
opposite to the less side. 

Then, the angles being known, the required side is obtained by the 
appropriate analog’y in the first case. 

3. When the three sides are given to find the angles. 

Rule 1. As the base, or longest side, is to the sum of the other two 
sides, so is the difference of those sides to the difference of the seg- 
ments of the base, made by a perpendicular from the opposite angle. 
(Trig. Prop. 8.) Then the half difference, added to half the base, gives 
the segment of it adjacent to the greater of the other two sides ; and 
subtracted, leaves the seement of it adjacent to the less side. 

The triangle is thus divided into two right-angled triangles, in each 
of which the hypothenuse and one of the other sides are given ; whence 
the angles may be computed by the preceding rules. 

But the angles may be otherwise determined from the sides by the 
following rules, deduced from the logarithmic formule, at page 79. 

Rule 2. From half the sum of the three sides of the triangle subtract 
the side opposite the required angle. 'Then to the logarithms of the half 
sum and remainder add 20, and from that sum subtract the sum of 
the logarithms of the sides including the required angle, and half the 
remainder will be the logarithm cosine of half the required angle. 

Rule 3. From half the sum of the three sides of the triangle subtract 
each of the sides including the required angle; then to the logarithms 
of the two remainders add 20, and from the sum subtract the sum of 
the logarithms of the sides containing the angle, and half the remainder 
will be the logarithm sine of half the required angle. 

As a small are can be found more correctly by even proportion 
from its sine than its cosine, and an arc near the termination of the 
quadrant can be found more correctly from its coszne than its sine, the 
former of the rules for determining half the angle of a triangle may be 
applied in preference, when the half angle to be computed exceeds half 
aright angle, and the latter when the required half angle is less than 
half a right angle. 


EXAMPLE [. 


In the triangle A BC, given A B 376, the angle A 48° 3’, and the 
angle B 40° 14’, to find the other parts. 
Cc 
/ 
The angle C, being the supplement of the sum of A Ni 
and B, is 91° 43’, 
A B 
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To jind AC. To find B C. 
As sin C91°43' .... 9°999805 | Assin C91°43’..... 9°999805 
MA B76 yl ... 2575188 |: A B376..0.0-.20- 2°575188 
-:sinB 40°14’ .... 9°810167 |:: sin A 48° 3’.,.... 9°871414 
12°385355 12°446602 
-A C943 ..-....., 2385550 1: B C2798 ........ 2446797 


Co ee ee 


EXxampte II. 


Given two sides of a triangle, 654 and 460, and the angle opposite 
to the less of these sides 35° 12’, to find the other parts. 


By Construction. 


Make B A C equal to the given angle, and A C equal to the longer 
of the given sides. With C asa centre, and the length 
of the shorter of the given sides as a radius, cut A D B 
n Band D; join C D, C B; then both the triangles A C B, 
A CD, correspond with the given data; this being 
what has been noticed as the ambiguous case inthe A DEB 
solution of oblique-angled plane triangles. 


Cc 


By CaucuLarion. 

C D being equal to C B, the angles C D B and C B D are equal ; 
hence the angle A C D, which is the difference of the angles C D B 
and C A B, is the difference of the angles C B D and C A B; and the 
angle A C B is the supplement of the sum of A and B. 


To find the angle B. 


As B.@:460:.3248 .cenk5s bf 0 Aiea 2°662758 
‘Sip WAL BoC BO we wo eeaes weees 9'°760748 
-\: A C.6b4. ts eweees ohe RUA See 2°815578 

12°'576326 
: Sin BaD eee eee hts fea eee 9:913568 


Angle B55° 2’, supplement 124° 58/=angle A D C 
angle A 35 12 | 

sum 90 14,supplement 89 46 =angle ACB 
differ 19 50, angle A C D 


To jind A B. To find AD. 
AB SIN B BOT 8! A ate. y 9:913568 ; As sin ADC 124°58’ 9913568 
PAO LGD 4 nt es 2°315575 1): AUG 6540. & Awemee 2°815575 
: ‘sin A C B 89° 46’,. 9:999996| :: sin AC D19° 50’. 9530565 
fi 12815571 | 12346140 
POAS AIG! ss esas os see eoe00s | : Ad).270 oan «. 2432572 


ae ond a : 
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Exampte IIT. 
In the triangle A BC are given AB 848, AC 534, and the 


included angle A 31° 17’, to find the other 
parts. CG C 

Let C D (see the first of the annexed 
figures) be a perpendicular from C upon aN Wed 
A DBA B D 


A B, then in the right-angled triangle A D C 


we have 
As radius..... fie ts od 10°:000000 
1) AS bs! we 2°727541 
Aon ote 8 fy ar 9:931768 
>: A D 456°4 2°659309 
AB 8480 
BD _ 391°6 
And inthe triangle A BC, as A D 456'4..... 2659309 
Eero Lee sas 2°592843 


::cot A319 17'.... 10216374 
12°809217 
: cot B 35° 18’.... 10°149908 


Oe a hah 
66 35,sup 113°25’ Z ACB 

erate oo, (8’...... Se et Loa 

Oe eed sate ett 2727541 

TI ly ie aS PE ara a be A 

12°442935 

BATONS Visa. os jaa .-. 2°681114 

Or the angles A C B and A B C may be found thus, 
eee AO a eed. ge. Oe 1382 3°140508 
1, Go" Oo, a REPS Par ee eae aa 314 2°496930 
>; tan ——s, or “iyfie S Bane Sans 74°21}! 10532859 
13:049789 
ae — ABC’ 39 3} 9909281 


A. CeBRewe113: 25° sam 
ABC 35 18 diff. 


Having the angles, the side B C may be found as above. 
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EXAMPLe IV. 


In the triangle A B C (see the first figure on the last page) are 
given A B 757, A C 586, and BC 649, to find the angles. 


First Method of Solution. 


As/A Buvh7 Cad aioe vevas 2879096 
: BC. A CB er cae 3:091667 
7: BC A C680... . 1°799841 

4*891008. 


>BD—AD102°781 .... 2°011912 


Be Di 2 see 


Whence BD = 5 3, ae 429°89, 
B AD BD-= 
and. AD = ee —= a = 32711 
To find the angle A. To find the angle B. 
ABC 586002400005 0) 2°767898 | As BC 6400e aaa 2°812245 
SHeetCl iy cS eee reed ors bik 10°000000 } < rad: \. 2...) eee 10°000000 
mA D 327311. .5... 27514693 |: : D B 429° Soe eae 2°633356 


: cos A 56° 4/5” .... 9:746795| :: cos B 48° 31’ 5”... 9831111 
And Z AC B is the supplement of A + B, or 75° 24’ 50”, 


Z A found by the Second Rule. 


AB 757 log 2°879096 
BC 649 
AC 586 log 2°767898 


2)1992 5646994 
996 log 2998259 
347 log 2°540329 


constant log 20° 


25538588 
2)19°891594 
28° 2’ 3” cos 9945797 
; peeled 4! 
Re aidin ie tM. 


—s 
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ZB found by the Third Rule. 
AB 757 log 2879096 
BC 649 log 2°812245 
AC 586 5°691341 

2)1992 sha 
996 
239 log 2°378398 
347 log 2°540329 
constant log 20° 
24918727 
2) 19°227386 


24° 15'32” sin 9°613693 


2 


48 31 42B 


EXAMPLES FOR EXERCISE. 


Let A BC (see figure, p. 109) represent any oblique-angled tri- 
angle. 
1. Given A B 697, Z A 81° 30’ 10”, and Z B 40° 30’ 44”, to 
find the other parts ? 
Answer, A C 534, BC 813, and Z C 57° 59’ 6”, 
pee 7208, 7 A = 70° 5! 22”, and, 7. B= 59° 35! 36”, ‘re- 
quired the other parts ? 
Answer, A B 643°2, B C 785'8, and Z C 50° 19’ 2”. 
3. Given A B 896°2, B C 328°4, and Z C 113° 45’ 20”, to find the 
other parts ? 
Answer, AC 712, Z A 19° 35/ 46”, and Z B 46° 38’ 54”. 
4. Given A C 4627, B C 5169, and ZA 70° 25’ 12”, to find the other 
parts ? 
Answer, AB 4328, Z B 57° 29’ 55”, and Z C 52° 4’ 53”. 
5. Given A B 6°216, BC 7'853, and Z A 77° 34/ 40”, to find the 
other parts ? 
Answer, A C 6319, Z B 51° 47/ 50”, and Z C 50° 37’ 30”. 
6. Given A C 627, A B 4380, and Z C 42° 53’ 38”, to find the other 
parts ? 
Answer, Z A 54° 8! 26”, or 40° 4’ 18”, Z B 82° 57’ 56”, or 97° 2/4”, 
and BC 512, or 406°7. 
7. Given A B 718, B C 629, and Z A 29° 52/ 34”, to find the other 
parts ? 
Answer, Z C 34° 39/ 11”, or 145° 20/49”, Z B 115° 28/ 15”, or 
4° 46 37”,and A C1140, or 105°]. | 
I 
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8, Given A C 484°2, A B968°4, and Z A 75° 31/ 21”, to find the 
other parts ? . 
Answer, B C 968°4, Z B 28° 57/18”, and Z C 75° 81! 21”. 
9. Given A B 1234:5, B C 620'8, and Z B 138° 39’ 8”, to find the 
other parts ? . 
Answer, A C 1749°3, Z A 13° 83’ 84”, and Z C 27° 47’ 18”. 
10. Given AC 72°48, BC 60°2, and Z C 31°1’ 10”, to find the 
other parts ? 
Answer, A B 87°4, Z A 56° 2'45”, and Z B 92° 56’ 5”. 
11. Given A B 912°4, BC 639°7, and A C 428°5, to find the angles ? 
Answer, Z A 39° 5' 36”, Z B 24° 59/8”, and Z C 115° 55’ 16”. 
12. Given A B 793°8, BC 481°6, and A C 500°0, to find the angles? 
Answer, Z A35° 15/32", 2 B 36° 49 18” and" Cay) ope. 
13. Given A B 92°6, B C 46:3, and A C 71:2, to find the angles ? 
Answer, Z A 29°,17/ 22”, Z B 48° 47' 30”, and Z C 101° 55’ 8”. 
14. Given A B728'1, B C 614°7, and A C 583°8, to find the angles ? 
Answer, Z A 54° 32! 52”, Z B 50° 40/ 58”, and Z C 74° 46’ 10”. 
15. Given A B 363°4, BC 148°4, and Z B 102° 18! 27”, to find the 
other parts ? 
Answer, Z A 20° 9/17”, AC 420°8, and Z C 57° 32/ 16”. 
16. Given A B 632, B C 494, and ZA 20° 16’, to find the other parts, 
C being acute ? 
Answer, Z C 26° 18’ 19", Z B 133° 25/ 41”, and A © 1085°72. 
17. Given A B 2163, BC 1672, and Z C 112° 18’ 22”, to find the 
other parts ? 
Answer, AC 877°2, Z B 22° 2’ 16”, and Z A 45° 89! 22”. 


18. Given AB 428, Z C 49° 16’, and AC + BC 918, to find the 
other parts, Z B being obtuse ? 

Answer, Z A 38° 44/48”, Z B 91° 59’ 12”, AC 564:49, and 
BC 353°5. 

19. Given AC 126, Z B 29° 46’, and A B— BC 43, to find the 
other parts ? 

Answer, ZA 55? 51’ 392”) 7 C 94° 20° 98" AB 262 0a and 
BC 210°05. 

20, Given AB 821:9, AC 640'3, and Z A 80° 24’, to find the 
other parts ? | 

Answer, Z B 41° 26’ 21”, Z C 58° 9! 39”, and B C 953°928. 

21. Given A C 29674, BC 31283, and Z C 121° 5! 88”, to find the 

other parts ? 


Answer, Z A 30° 18! 25”, Z B 28° 35’ 57”, and A B 53084°5, 
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APPLICATION OF THE PRINCIPLES OF TRIGONO- 
METRY TO THE DETERMINATION OF THE HEIGHTS 
AND DISTANCES OF REMOTE OR INACCESSIBLE 
OBJECTS. 


In this useful application of trigonometry, a base line is always sup- 
posed to be measured, or given in length; and by means of a quadrant, 
sextant, circle, theodolite, or some other instrument for measuring 
angles, such angles are measured in connection with the base line, 
and the objects whose heights or distances it is proposed to determine, 
as enable us to compute, from the principles of trigonometry, what 
those heights or distances are. 

Sometimes, particularly in marine surveying, horizontal angles are 
determined by the compass; but the varying effect of surrounding 
bodies on the needle, even in situations little removed from each other, 
and the general construction of the instrument itself, render it unfit to 
be applied in the determination of angles where anything like precision 
is required. 

The following examples present sufficient variety to guide the 
student in determining what will be the most eligible mode of pro- 
ceeding in any case that is likely to occur in practice, 


EXxAMPLe [, 


Wanting to know the distance of an inaccessible object C (see 
figure, p. 109), I measured a base A B of 486 yards. At A, I found 
the angle C A B subtended by the object, and the other end of the line, 
to be 88° 12’; and at B the angle C B A was observed to be 54° 48’; 
required the distance of the object from each of the stations A and B ? 

The sum of the angles A and B is 143°, which, taken from 180°, 
leave 37° for the angle C. Hence, 


Nae ve » 779463 sin Z C37°....... 9'°779463 
: AB 486 yards... 2686636  :AB 486yards... 2686636 
:: sin Z A§88°12’.. 9:999786 ::sin Z B 54° 48’. 9°912299 

12:686422 12°598935 
> BC 8072 yards 2:906959 > AC 659°9 yards 2°819472 


ee 


ey 


EXxaAmpc.e IT. 


Being desirous of finding the distance between two distant objects, 
Cand D,I measured a base A B of 384 yards, on the same horizontal 
12 
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plane with the objects C and D. At A, I found the angle D A B = 
48° 12',and CAB = 89° 18’; at B the angle ABC was 46° 14’, and 
ABD 87° 4’; it is required from these data to compute the distance 
between C and D ? 

From the angle C A B take the angle D A B, the remainder, 41° 6’, 
is theangleC AD. Tothe angle DB Aaddthe angle © 
D AB, and 44° 44’, the supplement of the sum, is the 
angle A DB. In the same way the angle A C B, which 
is the supplement of the sum of CA B and CBA, is 
found to be 44° 28’, A B 

Hence, in the triangles A B C and A B D, we have, 


sin AC B 44° 28’,. 9°'845405 sin A D B 44° 44’. 9°847454 


D 
vA 


: A B 384 yards... 2.584331 : A B 384 yards... 2°584331 
:: sin A BC 46° 14’ 9'858635 ::sin ABD 87° 4’ 9999431 

12°442966 12°583762 
>: AC 395'9 yards | 2°597561 > AD 544°9 yards 2°736308 


Then, in the triangle CA D, we have given the sides CA and AD 
and the included angle CAD, to find CD; to compute which we 
proceed thus : 


The supplement of ZC A D is the sum of the angles AC Dand ADC; 


ACD+ADC 
hence an = 69° 27’, ands by proportion, we have, 
AsAD+AC wronstv gts Neteeres 940°8 SN eSTSa9F 
VAUD) HAC sam hay Sees dat 149 >» eA BBLS 
ACD+AD 
- 3 tat tS ee sian. y 2 09-2 ae . 10°426108 
12°599294 
ACD—AD 
: tan det ne Se ohs S22 aa ae 9°625797 
Le Di ASD Ne tears sum 92 21 
LA) Corts Oe ae ». diff. 46 33 
Asem AD C 46°83) 705" cote 9°860922  . 
aM Chea rary a art eC te 2°597561 © 
s:sinC AD 41°@ JA. eere ei eieee 
12°415374 


7 C D 358'5 yards’, «....+0s4 ss ee oan 


Examene II]. 


To determine the altitude of a lighthouse, I observed the elevation 
of its top above the level sand on the seashore to be 15° 32’ 18”, 
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and measuring directly from it along the sand 638 yards, I then 
found its elevation to be 9° 56’ 26”; required the height of the 
lighthouse? | 

Let CD represent the height of the lighthouse above the level of 
the sand, and let B be the first station, and A the C 
second; then the angle C B Dis 15° 32’ 18”, and 
the angle CA B is 9° 56’ 26”; therefore the angle 
ACB, which is the difference of the angles C B D 
and C A B, is 5° 35’ 52”. Hence AB D 
mets op 52 8989201 radius ........2 00. 10.000000 
PA GSS ooo ois os poe S04821° BC 1129 06.0 ...66. 3°052727 
eesine / A 9° 56’ 26” 9°237107 +3 sinC BD15° 32/18” 9°427945 

12°041928 12° 480672 

: BC 1129'06 yards 3°052727 : DC 302°46 yards .. 2.480672 


EXaMPue§ LV. 


Wanting to know the height of a steeple, I measured 210 yards from 
‘the bottom of it, and then found the elevation of its top above the level 
of my instrument to be 33° 28’ 40”: required its height, the instrument 
standing five feet above the ground ? 

Let C E represent the steeple, DE the ground, and AD the 
instrument. Draw AB parailel to DE, then 
A Band D E.will be equal, and B E will be equal 
to A D, the height of the instrument. 

Now in the right-angled triangle A BC, 
there are given A B, 210 yards, and the angle 
BAC 33° 28'40”. Hence 


PRET ACIS! 52. ss Yhap Ota 10°000000 
tes B5210' yards... .’. 2... 2°322219 
eerie BAC, 33° 28’ 40". . © 9°820417 

12°142636 
ee lS OS ah. eas oe 2° 142636 
BE 5 
The required height ..... 143-38 


Exampue V, 


Coming from sea, at the point D I observed two headlands, A and 
B, and inland at C a steeple, which appeared between the headlands ; 
I found from a map that the headlands were 5°35 miles from each 
other, that the distance from A to the steeple was 2°8 miles, and from 


16” OF HEIGHTS 


B to the steeple 3°47 miles; and I found with a sextant, that the 
angle ADC was 12° 15’, and the angle BDC 15° 30’: required my 
distance from each of the headlands, and from the steeple. 


By CoNsTRUCTION. 


On AC describe the segment of a circle, to contain the angle A DC 
(Prob. 13, Geo.); and on BC describe the 
segment of a circle to contain the angle C 
BDC; and these circles will intersect in D, 
the place of the ship. 


By CaLcuLaTION. 


Let ADB be the segment of a circle de- 
scribed on A B to contain the sum of the 
two given angles, Join DC, and let it meet 
the circumference of the circle in E, and join 
AE, BE. Then the angles EAB, EDB, being in the same seg- 
ment, are equal to each other; and so, for the same reason, are the 
angles ABE and ADE. Hence, in the triangle A BE, all the 
angles and the side A B are given to find the side A Ej; and as all the 
sides of the triangle A BC are given, the angle BAC may be com- 
puted; and the difference of the angles B AC and B A E is the angle 
C AFB, which, therefore, becomes known. 

Now, in the triangle C A E, the two sides AC and AE, and the 
included angle C A E being known, the angle C may be determined ; 
and hence, as the angle ADC is given, the angle C A Dis known, 
and consequently B A D, the difference of C AD and C AB, is known. 
Hence all the angles of the triangle A DC and the side AC are 
given, whence A D and C D become known; and A B being known, 
as well as the angles BAD, BDA, of the triangle A B D, the side 
B D is also determined. 

The computation at length is as follows :-— 


To find A E. 


ZEAB 15°30! As sin AEB 152° 15! .... 9°668027 
ZEBA 12 15 - AB 6:85 0.) oP eee 128354 
BT AB -: sin ABE 12° 15'...... 9826700 
180 0 10°055054 


SS 


ZAEB 152.15 ; > AE 2'485 259 al asin 


peter Se 
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To find the angle BAC. 


BG 847 
AB 5:35 log 728354 
AC 2:80 log +447158 
2)11°62 1°175512 
5°81 log *764176 
2°34 log °*369216 
20 
21° 133392 
2)19° 957880 
17° 41/58” cos 9:°978940 
2 
ZBAC 35 23 56 
ZEAB 15 30 
ZEAC 19 53 56 
. RNS 5: } 
fees ARC LACE 
oh £5 aaeeemmee emperne 


To find the angles AEC and ACE, 
AsAC+AE 5° 238 °719165 
>: AC—AE *362 — 1°558709 

AEC+ ACE 


si: tan — 


=—— 80° 3’ 2” 10°755928 
10°314637 


9°595472 


a seach 21 30 12 


. tan 


ZAEC 101 33 14 sum 


ZACEorACD 58 82 50 diff. 
oa CDA 12 15 
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70 47 50 supplement 109° 12/10” Z CAD 
35 2356 ZCAB 
73 4814 ZBAD 


To find AD. 
As sin AD C 12° 15’...... 9+ 326700 
TAC 2S. AR “447158 
: sin ACD 58° 32’ 50... 9°930985 
10°378143 
- AD 11°26 miles........ 1°051443 
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To find CD. To find BD. 
sin ADC12°15".... 9°326700 sin ADB 27° 45’... 9668027 
BORA OB Sha ue ‘447158 -° AB 5:35 .......0 00728354 
++ sin AD 109°12'10"9°975138  z:sin BAD 73° 48'14” 9°982412 
10°422296 10°710766 


ene aS ey ee 


*CD12°46 miles .. . 1:095596 


- BD 11:03 miles... 1°042739 


EXAMpuie VI. 


The elevation of a spire at one station was 23° 50/ 17’, and the 
horizontal angle at this station between the spire and another station 
was 93° 4’ 20”; the horizontal angle at the latter station between the 
spire and the first station was 54° 28’ 36”, and the distance between 
the two stations 416 feet, required the height of the spire ? 

Let CD be the spire, A the first station, and B the second; then 
the vertical angle CA Dis 23° 50/17”, and as the BY 
horizontal angles C A B and C BA are 93° 4’ 20”, 2 Asi 
and 54° 28’ 36” respectively; the angle AC B, the Zeta 
supplement of their sum, is 32° 27’ 4”, 


To find AC. To find DC. 


sin BC A 82° 27/4” .. 9°729634 
“Side WA ib ALG) iy tis sre 2°619093 
-« sin A BC 54° 28/36” 9:910560 

12°529653 


radius .eees. 10° 000000 
: side‘AUC 631 niet wee 2°800019 
‘tan D AC 23° 50/179 > 645270 


————__—_—_—. 


side DC 278°8 ...... 2°445289 


a ee 


‘side AC 631 2°800019 


EXAMPLES FOR EXERCISE. 


1. Required the height of a wall, whose angle of elevation is ob- 
served, at the distance of 463 feet, to be 16° 21’. 

Answer, 135°8 feet. 

2. The angle of elevation of a hill is, near its bottom, 31° 18’, and 
214 yards farther off, 26° 18’, required the perpendicular height of the 
hill, and the distance of the perpendicular from the first station ? 

Answer, the height of the hill is 565°2, and the distance of the per- 
pendicular from the first station is 929° 6. 

3. The wall of a tower which is 149°5 feet in height, makes, with a» 
line drawn from the top of it toa distant object on the horizontal 
plane, an angle of 57° 21’, what is the distance of the object from the 
bottom of the tower ? Answer, 233°3 feet. 

4. From the top of a tower, whose height was 138 feet, I took the 
angles of depression of two objects which stood in a direct line from 
the bottom of the tower, and upon the same horizontal plane with it. 
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The depression of the nearer object was found to be 48° 10’, and that 
of the farther 18° 52’, what was the distance of each from the bottom 
of the tower ? 

Answer, distance of the nearest 123°5, and of the farthest 403°8 feet. 

5. Being on the side of a river, and wishing to know the distance 
of a house on the other side, I measured 312 yards in a right line:by 
the side of the river, and then found that the two angles, one at each 
end of this line, subtended by the other end and the house, were 
31° 15’ and 86° 27’, what was the distance between each end of the 
line and the house? Answer, 351°7 and 182°8 yards. 

6. Having measured a base of 260 yards in a straight line, close by 
one side of a river, I found that the two angles, one at each end of the 
line, subtended by the other end and a tree close to the opposite bank, 
were 40° and 80°, what was the breadth of the river? 

| Answer, 190°] yards. 

7. From. a ship a headland was seen, bearing N E 3 N, the vessel 
then stood away NW + W 20 miles, and the same headland was 
observed to bear from her E 4 N, required the distance of the headland 
from the ship at each station ? 

Answer, distance at the first station 19°09, and at the second 26:96 
miles. 

8. A cape was observed to bear from us N W, and another headland 
to bear ‘'NNEE; standing away EN ESE 23 miles,’ we found 
the first bore from us W NW, and the second Nb WE W, required 
the bearing and distance of the cape from the headland ? 

Answer, S 87° 40! W 42:33 miles. 

9. From an eminence of 268 feet in perpendicular height, the angle 
of depression of the top of a steeple which stood on the same hori- 
zontal plane was found to be 40° 3’, and of the bottom 56° 18’, what 
was the height of the steeple ? Answer, 117°8 feet. 

10. Wanting to know the distance between two objects which were 
separated by a morass, I measured the distance from each to a point 
where I could see them both; the distances were 1840 and 1428 
yards, and the angle which, at that point, the objects subtended, was 
36° 18’ 24”, required their distance ? Answer, 1090°85 yards 

11. From the top of a mountain, 3 miles in height, the visible 
horizon appeared depressed 2° 13/ 27”, required the diameter of the 
earth, and the distance of the boundary of the visible horizon ? 

Answer, diameter of the earth 7958 miles, distance of horizon 
154°54 miles. 

12. A statue 12 feet high stands on the top of a column, whose 
height is 48 feet above the level of the eye, at what distance from the 
base of the column, on the same horizontal plane, will the statue 
appear under the greatest possible vertical angle, and what will that 
angle be ? Answer, distance 53'6656 feet, angle 6° 22’ 46”. 


4 
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13. Wanting to know the distance of two objects, A and B, from 
each other, and from another object D, all in the same horizontal 
plane, in BA produced on the side of A, a point C was taken, and 
CD being measured was found to be 549°36 yards, and the angle C 
57°, At D, the angle C DA was observed to be 14°, and the angle 
BDA 41° 30’, required the distances of A, B, and D from each 
other ? Answer, A B 349°52, A D 487°27, and B D 498:69 yards. 


APPLICATION OF THE FORMULZ INVESTIGATED IN 
THE ELEMENTARY PRINCIPLES OF SPHERICAL 
TRIGONOMETRY, TO THE NUMERICAL COMPUTA- 
TION OF THE MEASURES OF THE SIDES AND 
ANGLES OF RIGHT-ANGLED SPHERICAL TRIAN- 
GLES. 


SPHERICAL triangles present six parts for consideration, three sides 
and three angles; but in right-angled triangles the measure of the 
right angle can never be the subject of inquiry: therefore the sides, 
the hypothenuse, and the two oblique angles, are all the parts of the 
triangle to which it is necessary to advert; and any two of these being 
given, the others may be computed. 

Now if three of these five parts be taken, one of the three will either 
lie between the other two, or be separated from them by the two 
remaining parts of the triangle.» This part is called the middle part ; 
and, when it is adjacent to the other two parts, they are called, with 
respect to it, the adjoining extremes ; otherwise, they are called the 
opposite extremes. 

With this understanding respecting the denominations of the dif- 
ferent parts, as middle or extreme, let the sides about the right angle, 
the complement of the hypothenuse, and the complements of the ob- 
lique angles, be considered as the five circular parts, then the two 
following equations, called Pa a, s Runes ror THE CIRCULAR Parts, 
obtain universally, and they are sufficient for the solution of any case 
that can arise from considering different parts of the triangle as given. 

1. Radius X sine of the middle part = rectangle of the tangents of 
the adjoining extremes. 

2. Radius x sine of the middle part = rectangle of the cosines of 
the opposite extremes. 

In the solution of problems, there will in every case be two parts 
given and one required; hence, in applying these equations, of the 
-three quantities concerned take that as the middle part which is either 
adjacent to the other two, or is separated from them both by the 
remaining parts of the triangle, and observe whether the other parts 
become adjoining or opposite extremes, and form the equation accord- 
ingly. ‘Transform the equation into a proportion (Geo. Prop, 73), so — 
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that the required term may be the last; and, on solving this proportion, 
the required term will be obtained. 

For example, in the triangle A BC let the hypothenuse A C and the 
angle A be given to find the other parts. 


To find BC. * 
Here of the three parts AC, Z A, and BC, AC cannot be the 
middle part, for the angle A would then be an adjoin- C 


ing extreme, and BC, being separated from A C by the 
angle C, would be an opposite extreme. Neither can 
the angle A be the middle part; for AC would be an 4 B 
adjoining extreme, and B C, being separated frgm the angle A by the 
side A B, would be an opposite extreme; BC i8 therefore the middle 
part; and A C amd the angle A are the opposite extremes. 
But, in forming the equations, the complements of Z A and A. 
are used. : Se 
Hence from Equation 2, we have 
rad.sin BC =sinA.sin AC, 
and this equation, resolved into a proportion, gives 
rad} sin AC :: sinA : sin BC. 


To find A B. 
Here Z A is the middle part, and AC and AB are adjoining 
extremes; but as in forming the equations the complements of Z A and 


A C are used, we have from the first equation 
rad .cosA= tan AB. cotAC, 
and consequently cot AC : rad :: cos A; tanA B. 


To find the angle C. 


Here A C is the middle part, and the angles A and C being adjacent 
to A C, are adjoining extremes with respect toit. But in forming the 
equation, the complements of all the three parts here concerned are 
used. Hence Equation | gives ~~ 

rad .cos AC = cotA. cot C, 
and the equation being resolved into a proportion we have 
cot A : rad :: cos AC : cot C. 

To determine whether the different parts of right-angled spherical 
triangles are obtuse or acute, we have the following rules. | 

1. The sides about the right angle are of the same affection with their 
opposite angles, and the oblique angles are of the same affection with 
their opposite sides. 

2. When the sides about the right angle are of the same affection, 
the hypothenuse is acute; but when the sides about the right angle are 
of different affections, the hypothenuse is obtuse. | 

3. And hence also when the oblique angles are of the same affection, 


* 
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the hypothenuse is acute ; but when they are of different affections, the 
hypothenuse is obtuse. 

As an example of the application of these rules, let us suppose that, 
in the last figure, A C and the angle A are both given obtuse. Then 
B C, being of the same affection as the angle A, is also obtuse; and as- 
AC is obtuse, the sides A B and BC are of different affections ; 
consequently as BC is obtuse, A B is acute; and hence its opposite 
angle C is acute also. 


EXAMPLE [. 


In the right-angled spherical triangle A BC (see the last figure) 
civen A B 46° 18’ 23”, and the angle A 34° 27/ 39”, to find the other 
parts? 

Here, as the angle A isacute, BC is acute; and as A B is acute, 
A B and BC are of the same affection, therefore A B is also acute, and 
consequently the angle C is acute. 


To compute AC, 


In this case the angle A is the middle part, and AC and A B are 
adjoining extremes; hence the equation is rad .cos A= tan. AB. 
cot AC; and the resulting proportion to find A Cis tan AB ;: rad :: 
cos A : cot AC. 

Or tan AB 46°18’ 23”.... 10°019811 
ORY AD teres vik regent Ltt Say 10: 000000 
‘tcos A 34 27 39 .... 9°916198 


cot AC 51°46 1b fee Boose 


To compute BC. 


Here A B is the middle part, and angle A and B C are adjoining 
extremes, hence the equation is rad. sin AB = tan BC . cot A, and 
the proportion to find BC is cot A : rad 3: sin AB ; tan BC. 

Orcot A  34°27/39%.... 10°163503 


PA LAT, Mticvial rah el ste ale 10°000000 
>hsin. AB 46-18 23.......° 9° S590h65 
tan Baone26 9238 Avie ee: 9° 695662 


To compute Z C. 


Here angle C is the middle part, and Z A and A B are opposite 
extremes; hence the equation is rad . cos C = cos AB . sin A, and the 
proportion to find Z C is rad : sin A 3: cos AB : cos C. 

OP ita an pyc ale mrs da ee otene bois to at ek) Oe 
- sin A 34° 27/30. OT beeen 
2: COSA BitO) 18,25... 2. AO Bee 


-cosC —-66.: 59-26 ,,«..- 97592049 


OF SPHERICAL TRIGONOMETRY. 125 


Exame.e If. 


In the right-angied spherical triangle A BC (see the last figure) 
given A B 29° 41’ 32”, and B C 116° 30’ 43”, to find the other parts ? 

Here as A Band B C are of different affections, A C is obtuse; and 
the angle C, being of the same affection with A B, is acute; and the 
angle A, being of the same affection with B C, is obtuse. . 


Zo compute A C. 


In this case A C is the middle part, and A B and BC are opposite 
extremes ; the equation therefore is rad .cos A C =cos A B. cos 
B C, and the proportion to find AC is rad:cos A B 3: cos BC: 
cos A C, 

OTE Arena os+eeee 10°000000 
migossA 1.29% 417.327 9:938870 
nf :: cos B C116 3043....  9°649708 


- cos A C 11248 58....  9°588578 


To compute Z A. 


Here A B is the middle part, and B C and angle A are adjoining 
extremes; hence the equation is rad.sin A B = tan B C.cot A, 
and the proportion to find Z Aistan BC 3; rad :: sin A B: cot A. 

Or tan BC 116° 30’ 43” .... 10°302038 
OTE RRS aa .«. 10,000000 
susm A B29 41 32°.... 9694904 


scotA 103 52.47 .... 9:392866 


To compute L. Cy 
Here BC is the middle part, and AB and Z C are adjoining 
extremes ; hence the equation is rad. sin B C =tan A B .cot C, and 
the proportion to find Z C istan A B: rad::; sin BC : cot C. 
Or tan A B 29° 41'32”.... 9°756034 
raid fe} ae ge 8 810000080 
eosur 6 C llé 30-45R,. . >. 9951746 
en 0) a @ 82 30 22 2... .910°195712 


ee ce 


EXAMPLES FOR FXXERCISE. 


1, In. the right-angled spherical triangle ABC, given A B 
118° 21’ 4",and Z A 23° 40’ 12”, to find the other parts ? 

Answer, A C 116° 17’ 55”, Z C 100° 59/26”, and B C 21° 5! 42”. 

2. In the right-angled spherical triangle A BC, given A B 
53° 14! 20”, and Z A 91° 25/ 53”, to find the other parts ? 

Auswer, A C 91° 4! 9”, Z C 58° 15’ 8”, and B C 91° 47’ 11”. 
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3. In the right-angled. spherical triangle A BC, civen AB 
A8° 24! 16”, and B C 59° 38’ 27”, to find the other parts ? 


Answer, A C 70° 23/ 42”, Z A 66° 20’ 40”, and Z C 52° 32! 5b”. 
4, In the right-angled spherical triangle ABC, given AB 
151° 23’ 9”, and B C 16° 35’ 14”, to find the other parts ? 
Answer, A C 147° 16’ 51", 2. C 117° 37 21" and. 2 ABP eenn 
5. In the right-angled spherical triangle A BC, given AB 
73° 4'31”, and A C 86° 12’ 15”, to find the other parts ? 
Answer, B C 76° 51’ 20” Z A 77° 24! 23”, and Z C 73° 29! 40”: 
6. In the right-angled spherical triangle A BC, given AC. 
118° 32/ 12”, and A B 47° 26’ 35”, to find the other parts ? 
Answer, B C 134° 56’ 20”, Z A 126° 19’ 2”, and Z C 56° 58! 441”, 
7. In the right-angled spherical triangle A BC, given A B 
138° 25’ 34”, and A C 49° 27/ 16”, to find the other parts ? 
Answer, B C 150° 20’ 8”, Z A 139° 21’ 36”, and Z C 119° 9/34”, 
S. In the right-angled spherical triangle A BC, given AC 
68° 14/20", and Z C 70° 21’ 15”, to find the other parts? 
Answer, B C 40° 6/19”, A B 61° 0’ 22”, and Z A 43° 55/ 2”. 
9, In the right-angled spherical triangle A BC, given AC 
53° 25’ 31”, and Z A 124° 26! 7”, to find the other parts ? 
Answer, B C/138° 31/ 13’, A B 142° 41’19”, and Z © 130° 59! 38”. 
10. In the right-angled spherical triangle A BC, given AC 
102° 15’ 27”, and B C 49° 13’ 18”, to find the other parts ? 
Answer, A B 108° 58'9", Z A 50° 47! 47", and Z C 104° 35/ 21” 
11. In the right-angled spherical triangle A BC, given Z C’. 
38° 14’ 3”, and Z A 59° 20/ 7”, to find the other parts ? 
Answer, B C 34° 80/11”, A B 24°.3' 27, and A Gal" 1a ay 
12. In the right-angled spherical triangle A B C, given Z C 
171° 4’and Z A 92° 6’, to find the other parts ? 
Answer, A C 76° 30’ 37”, A B 171° 18’ 56”, and B C 108° 38! 57”. 
13. In the right-angled spherical triangle A BC, given AC 
61° 3/22",and Z A 49° 28/ 12”, to find the other parts ? 
Answer, A B 49° 36/ 6’, Z C 60° 29’ 19”, and BC 41° 41’ 32”, 
14. In the right-angled spherical triangle ABC, given A B 
29° 12’ 50”, and Z C 37° 26’ 21”, to find the other parts ? 
Answer, ambiguous, Z A 65° 27’ 58” or its supplement, Ng C 
53° 24/ 13” or its supplement, B C 46° 55’ 2” or its supplement. 
15. In the right-angled spherical triangle A BC, given A B 
54° 21’ 35”, and Z C 61°2/ 15”, to find the other parts ? 
Answer, ambiguous, B C 129° 28/28” or its supplement, A C 
111° 44’ 34” or its supplement, and Z A 123° 47/ 44” or its sup- 
plement. 
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APPLICATION OF THE FORMUL FOR RIGHT-ANGLED 
SPHERICAL TRIANGLES TO THE SOLUTION OFCASES 
RELATIVE TO QUADRANTAL TRIANGLES. 


A quadrantal triangle is a spherical triangle, one of whose sides is a 
quadrant. 


Let A BC or AB’ Cbe a quadrantal triangle, A C being the quad- 
rantal side, on C B’ or C B produced, let C D be taken equal to a 
quadrant, and let AD be an arc of a great circle 
passing through A and D. ‘Then the angles C A D> c 
CDA (orBDA) and B/DA are right angles, and 
A D is the measure of the angle C. Theangles DAB, 

DA B’, are respectively complements of CA B, C AB’: 

and C B,C B’are also respectively complements of hse 
BD,B'D. Hence the different parts of the quadrantal ~Z—~ | 
triangles B’ A C, B AC, may be determined from the sc 
corresponding parts of the right-angled triangle, “2 


ADB,AD B’. 
EXAmpe.Le [. 


In the triangle A B’ C, given A C 90°, the angle C A B/ 112° 2/9”, 
and A B’ 67° 3/14”, to find the other parts ? 

Let C D bea quadrant, then as C A D is aright angle, D A B’ is 
22° 2/9". Hence D B’is acute; and as A B’ is acute, the angle B’ 
and A D, the measure of the angle C, are also acute. 


To compute A D, or the measure of Z C. 


Equation, rad .cos D A B/ = cot AB’. tan A D. 
Repeats 67° BOA se os OO 26F15 


RG yd long oe denies 10°000000 
AT BSD. Qe ee teed s 9967057 
Mere G5 27 Oe a lee 10.340342 


oo 


To compute D B’, the complement of B'C 
- Equation, rad. sin D B/ = sin D AB’.sin A B’. 


orra ..... ny dee. ot 0000000 
- sin D A B’ "99° g 9”. sere am  2°974246 
sein A B’ G7 4S LA ah Heian ~- 9°964199 
: sin D B’ 20,12 Adv woe ieee 9 Orb88446 

90 Ti 


BIC 110 12 44 


— 
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To find the angle B’. 
Equation, rad . cos A B’ = cot DA B’. cot Z B’. 


Ori cotRD DA" B"22° 9) DO e ar oe ee 10°392809 
OTT AGL PED Oa veo shies topes UE a ee 10°000000 
PASCOS TA Ghd <1, OV 218 Ce eee a 9°590915 
, e0t. 4.) BD! 8: She O82 tac. “Hee. 9:198106 


re 


Exampce IT. 
In the triangle A B’ C, given A C 90°, A B’ 79° 18! 40”, and C B/ 
123° 16’ 3”, to find the other parts ? 
Let CD be a quadrant, then D BY’, the complement of C B’, is 
33° 16’ 3”. 
To find the angle B’. 
Equation, rad. cos Z B’ = cot A B/ tan D B’. 


Orradi rer a ae Reet ay, cee ee 10°000000 
“cot AB’ 79° 18040" > ane 9:275889 
‘Stan D'B! (33:16 °3 0). eee ieeae 
NCOs W/ 8H 482 53 A207. eee 9092835 


To find A D, or the measure of the angle C. 
Equation, rad. cos A B’ = cos D B’. cos D A. 


Qriceshl) B/ 33° 16! Ble 3 ae ee 9:922268 
Perak Ma ies OS ae ee, 
**¢cos, A, B’s 7918 340 % ue a 
SSOOSFA META LGS Oe ae cee eee 9:346020 


To find the angle D A BY’. 
Equation, rad . sin D B’ = sin A B’. sin DA B’. 


Cr Sing Boo LB 0 2) ee 9°992398 
Re Ys Be re ea Rat RM NR RF -»- 10°000000 


°* sin Do B33 16 3 2... wee ee pe 
> sin-D A B33 66 © 2...00....,.5) se 
bg 


C A.B’.123. 56, 2 


EXAMPLES FOR EXERCISE IN THE SOLUTION of QUADRANTAL 
TRIANGLES. 

I. Inthe quadrantal triangle A B C (see the last figure) A C being 
the quadrantal side, given A B 67° 3’and Z A 49° 18!, to find the 
other parts ? 

Answer, Z C 60° 48’ 54”, B C 58° 5/ 46”, and Z B 108° 32/27", 


i 
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2, Given — A 118° 40! 36”, and B/C 113° 2’ 28”, to find the 
other parts ? 
Answer, A B’ 54° 38/57”, 7 C 51° 2’ 35”, and Z BY’ 72° 26/21”. 
8. Given Z C 69° 13/ 46”, _ A '72° 12! 4”, to find the other parts ? 
Answer, A B 70° 8’ 39”, BC 73° 17’ 29”, and Z B 96° 13! 23”. 
4. Given BC 86° 14’ 40”, and Z A 37° 12/ 20”, to find the other 
parts ? 
Answer, AB 4° 43’. 2’, '2 B. 142° 42/2", and ZC 2° 51! 23”. 
5. Given Z C 60° 41/30”, and BC 78° 12/19”, to find the other 
parts ? 
Answer, A B 61° 22! 7”, Z A 76° 31’ 59”, and Z B 96° 32! 45”. 
6. Given B/C 118° 32’ 16”, and A B! 67° 48’ 40”, to find the other 
parts ? 
emewers 2 © 64% 32! 21 7:A 121° 3° 40" and ‘2-Biv7o 11/6". 
7. Given BC 58° 3/ 42”, and AB 61° 4’ 19", to find the other 
parts ? 
Answer, Z C 55° 15! 0”, Z B 110° 9/10", and Z A 52° 48’ 46”, 
8. Given Z B 104° 41’ 17”, and BC 78° 21’ 6”, to find the other 
parts ? 
Answer, Z A 67° 56’ 18%, Z C 47° 32! 39”, and A B 49° 42'18”. 
9. Given Z A 21° 39’ 48”, and ZC 53° 26’ 45", to find the other 
parts ? 
Answer, Z B 123° 36/32”, BC 26° 18’ 40”, and A B 74° 41/35”. 
10. Given Z B 94° 29! 54”, and BC 56° 31’ 26”, to find the other 
parts ? | ‘ 
Answer, Z A 56° 15’ 29”, 7 C 81° 53’ 0”, and A B 83° 14'11” 


APPLICATION OF TRIGONOMETRICAL FORMULA TO 
THE NUMERICAL COMPUTATION OF ‘THE DIFFER- 
ENT PARTS OF OBLIQUE-ANGLED SPHERICAL TRI- 
ANGLES. 


. Att the cases of oblique-angled spherical triangles may be solved by 
the formule for right-angled ones, except when the three sides are 
given to find the angles, or the three angles given to find the sides. 
For the solution of these two cases, we have the following rules, 


To find any angle of a spherical triangle when the three sides are given. 


Rute 1. From half the sum of the three sides subtract the side 
opposite to the required angle, then add together the log cosecants of 
the other two sides (rejecting 10 from each of their indexes), and the log 
sines of the half sum, and remainder ; half the sum of these four loga- 


rithms will be the log cosine of half the required angle. 
K 
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Rutz 2. From half the sum of the three sides, subtract each of the 
sides containing the required angle, then add together the log cosecants 
of these two sides (rejecting 10 from each of their indexes) and the log 
sines of the two remainders ; half the sum of these four logarithms will 
be the log sine of half the required angle, 

Remark. When the required angle is large, the first of these rules 
may be used in preference, and the second when the angle is small. 


When the three angles are given to find the sides. 

Rutz. Take the supplements of the measures of the given angles, 
as the sides of another triangle, and find the angles of that triangle by 
either of the preceding rules; and the supplement of the measures of 
these angles will be the sides of the proposed triangle, the greater side 
being opposite the greater angle. 


When a side and two of the angles, or an angle and two of the sides, 
are given to find the other parts. 

Rutz. Let a perpendicular be drawn from an extremity of a given 
side, and opposite a given angle, or its supplement; there will then be 
formed two right-angled triangles, the parts of which may be computed 
by Napier’s Rules, 

The following proportions however, which were deduced at Prop, 16 
and 17, Elements of Spherics, will often be found useful. 

1. The sines of the sides of spherical triangles are proportional to 
the sines of their opposite angles. 

2. The sines of the segments of the base, made by a perpendicular 
from the opposite angle, are proportional to the cotangents of their 
adjacent angles. 

3. The cosines of the segments of the base are proportional to the 
cosines of the adjacent sides of the triangle. 

4. The tangents of the segments of the base are proportional to the 
tangents of the opposite segments of the vertical angles, 

5. The cosines of the angles at the base are proportional to the sines 
of the corresponding segments of the vertical angles, 

6. The cosines of the segments of the vertical angles are proportional 
to the cotangents of the adjoining sides of the triangle. 


When two sides and the included angle are given, the other angles 

may be conveniently found from the following rule. 

Add together the cotangent of half the given angle, the secant of 
half the sum of the given sides, and the cosine of half their difference, 
and the sum, rejecting 20 from the index, is the tangent or half the sum 
of the required angles. Again, add together the cotangent of half the 
given angle, the cosecant of half the sum of the given sides, and the 
sine of half their difference, and the sum, rejecting 20 from the index, 
is the tangent of half the difference of the required angles. And half 


4 


- 
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the difference added to half the sum gives the greater, and subtracted, 
leaves the less of the required angles. (Prop. 21, Spherics.) 


When two angles and an adjacent side are given to find the other sides, 
the following rule may be employed with advantage. 


Add together the tangent of half the given side, the secant of half 
the sum of the given angles, and the cosine of half their difference, and 
the sum, rejecting 20 from the index, is the tangent of half the sum of 
the required sides. Again, add together the tangent of half the given 
side, the cosecant of half the sum of the given angles, and the sine of 
half their difference, and the sum, rejecting 20 from the index, is the 
tangent of half the difference of the required sides. Then, knowing 
the half sum and the half difference, the sides themselves are known, 
the greater side being opposite the greater angle. (Prop. 21, Spherics.) 

Note. Half the sum of the sides is of the same affection as half the 
sum of the opposite angles; and half the difference of the sides, as well 
as half the difference of the angles, is always acute. 


When two sides and the contained angle are given to find the third 
side, by direct computation. 

Add together the sines of the two sides, and twice the cosine of half 
their included angle, and half the sum, rejecting tens from the index, 

will be the sine of an arc. Add together the sines of the sum and the 

difference of that arc, and half the sum of the given sides, and half 

the sum of the logarithms, will be the sine of half the required side. 

(Prop, 22, Spherics.) 


EXAMPLES. 


1. In the triangle ABC, given AB 59° 16’ 23”, BC 70° 4’ 18", | 


and A C 63° 21’ 27”, to find the other parts ? . hs 
Z A found by the first Rule. Z B found by ‘. second Rule. 
meen 70°. 4! 18" A Gin GS>s 21 2 t 


AB 59 16 23 cosec (065697 AB 59 16 23 cosec :065697 
AC 63 21 27 cosec ‘048749 BC 70 Re 18 cosec oe 


aries. 42: 8 _2)192 42 “or 78 
or. 2) 4 sin 9°997326 96 21 4 


26 16 46 sin 9°646158 37). A 4) sin 9°780247 


40 49 10 cos 9°878965 2)19° 518919 


2 : 35 4 A9 sin 9°759459 
81 38 207A wz. 


i). A 94 SB B 
K 2 aa 


“e/ 
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Z C found by the first Rule. 


AB 59°) 16% 237 
BC 70 4 18 ecosee *026817 
AC 63 21 27 cosec °048749 


2)192 42 8 
96 21 4 sin 9997326 
37 4 41 sin 9°780247 
2)19*853139 
32 23 17 cos 9°926569 


64 46 342C 


2. In the triangle ABC, given BC 91° 3’ 26”, AB 40° 36’ 37”, 
and Z B 58° 31’, to find the other parts ? 

Let AD (see the first of the adjoining figures) be a circle drawn 
through C, perpendicular from A 
upon BC. Then in the right- 


A 
angled triangle BA D are given A \ 
AB and Z B to find the other usa Ae 
parts. Now as AB and Z Bare Z CBC i 
both given acute, BD, DA, and 
Z BA Dare all acute. 


To find BD. 


Radius.cos 7 B= tanBD. cot AB. 
Or cot A B 40° 836’ 837” .... 10°066810 
5 WALRUS. eekiees fhe oat eee 10°000000 
** cos. Z-B 68,381. Oni u ht Ose 


Wion BD 24°°7 19-s.a4) 9-651069 
BC 91 38 26 


DC 66 56 7 ; 


To find Z BAD. 
Radius . cos AB = cot Z B. cot BAD. 
Orcot Z B 58°31’ 0” .. 9*787036 


AEN a Re? NPE te yy oiethts ais 10°000000 
s;cosAB 40 36 37 ., 9:880330 


:cotZBAD38 58 34 .. 10°093294 
As AD and DC are both acute, A C and theangles AC D, DAC, 


are also acute, 
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To find AC. 
Ascos BD 24° 719" ., 9°960317 
: cos DC 66 56 7... 9°593032 
::cos AB 40 36 37... 9:°880330 
19° 473362 
scosAC 70 58 54... 9°513045 


To find Z CAD. 
Astan BD 24° 7 197.,. 9+651066 
Pram 06 56 -% ... 10°370786 
i:tanaBAD38 53 34... 9°906706 
20°277492 
: tanCAD‘76 42 6 . 10°626426 
115 35 40B AC orsumofBADandCAD. 
To find ZC. 
As sin BD 


: sin DC 
sco 


sate /, C 


24° 7 19" 


66 56 7... 


98 31 0 


35.57 15.... 


9°611383 
9°963817 


whe) 94787036 


19°750853 
10°139470 


To find the angles A and C by the first Rule, page 131. 
C9 23'26" 
BA 40 36 37 
Sum 131 40 38 
Diff. 50 26 49 


Halfsum 65 50 1°5 
Half diff. 25 13 24°5 
Half Z B 29 15 30 


A—C 
To compute Z x and gu 


10°251643 
10°387867 

9°956482 
10°595992 


29° 15! 30” 
65 


cot 10°251643 
cosec 10°039833 
sin 9° 629562 


cot 
50 1°5 sec 
13 24°5 cos 
46 27°2 tan 


Bera ltD ai. tan 9°921038 


vs ly a hee 


Sum 115 3 
5 ky Se Om 


3 
Diff, ~ 35. 57 
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AC found directly by the second Rule, page 131. 


B 
ri 29° 15'30” 2 cos 19°881456 
BOQ’ 9) 3 260 tit 9999926 
AB 40 36 37 sin 9°813521 
Sum 131 40 3 2)19°694903 
Half sum 65 50 I 

44 43 58 sin 9°847452 
Sum 110 33°59 © sin 9°971399 
DfT, 2 Foe uy as eee win 9°556315 
2)19°527714 
34-29 27 | sin 9°763857 

2 

AC %0 58 54 


EXAMPLES FoR EXERCISE. 


}. In any triangle A BC, given A C 118° 2°14”, Z A 27° 22! 34", 
and A B 120° 18’ 83”, to find the other parts? 
Answer, BC 28° 57 13’, Z B 91° 26/ 44”, and Z C 102° 5’ 54", 
2, Given Z A 81° 38’ 17”, Z B 70° 9’ 38", and Z C 64° 46/ a2", 
to find the sides ? 
Answer, A B 59° 16’ 23”, B C 70° 4/18”, and Z C 68° 21/27", 
3. Given A B 64° 26, Z A 49°, and Z B 52°, to find the other parts ? 


Answer, A C 45° 56’ 46”, BC 43° 29' 49”, and Z C 98° 28! 5”, 


4. Given AB 96° 14/50”, BC 93° 27' 34”, and AC 100° 4! 26”, 

to find the angles? 
Answer, Z A 94° 39’ 4”, Z B 100° 32’ 19”, and Z C 96° 58’ 36”, 

5. Given A B 67° 14/ 28”, BC 40° 18’ 29”, and Z A 34° 22/17”, 
to find the other parts ? 

Answer, ambiguous, A C being 89° 47’ 6”, ZC 53°35’ 16”, and 
Z B119° 13/31”; or AC 36° 19’ 48”, Z C126° 24’ 44”, and Z B 
S1°.9! 59", . 


6. Given A B 81° 26’ 37”, Z A 40° 18’ 22”, and Z B 67° 3/ 29”, 


to find the other parts? 
Answer, B C 40° 50’ 55”, Z C 102° 2’ 36”, and A C 68° 36/ 48”. 
7. Given A B 128° 13/ 47”, Z C131° 11! 12", and BC 77° 25/ 11”, 
to find the other parts? 
Answer, AC 84° 29! 24”, Z A 69° 14’, and Z B 72° 28! 46”, 
8. Given AC 97° 18/ 39”, A B 86° 53/ 46”, and B C 89° 21/ 37’, to 
find the other parts ? 
Answer, Z A 88° 57 20”, Z B 97° 21' 26”, and Z C 86° 47/177, 


a ee 
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9. Given BC 74° 16’, Z B 46° 34', and Z C 81° 20’, to find the 
other parts ? 
Answer, A C 44° 34’ 42”, Z A 84° 46/35”, and A B 72° 50! 43”, 
Peeeeren 2 C7 7° 22/ 21”, ZA 71° 33/ 80",,and Z B 57° 53’ 55'’, to 
find the sides ? . 
Answer, A B 61° 14’, BC 58° 27, and A C 49° 33’, 
11. Given A B 80° 12’ 21”, BC 50° 36’ 39”, and Z B 68° 40/ 26”, 
to find the other parts ? 
Answer, AC 67° 21! 40", ZA 51° 15! 50”, and ZC 95° 58’ 1”, 
12. Given AC 100° 21/30", BC 97° 18’ 22”, and Z B 100° 28’ 48”, 
to find the other parts ? 
Answer, A B 19° 22’ 2”, 7 C 19° 21/33”, and Z A 82° 31! 14”, 
13. Given Z A 59° 29' 6”, Z B 54° 39’ 32”, and A B 68° 32’ 46”, to 
find the other parts ? 
Answer, ZC 92° 6/11”, AC 49° 26’ 18”, and B CG 53° 21/ 17”, 
14. The perpendicular C D falling within the triangle, given A D 
6° 25’ 33”, B D 42° 54’ 46”,and Z A 82° 33/53”, to find the other 
angles and the sides ? 
Answer, Z B 51° 33/ 4”, BC 56° 13/ 24”, and A C 41° 2! 0”, 
15. The perpendicular C D falling without the triangle, given A D 
27° 36’ 3”, BD 79° 49’ 3”, and C D 15° 40/ 21”, to find the sides and 
aneles of the triangle A BC? 
Answer, Z A 148° 48’ 6”, Z B 15° 54’ 38”, ZC 24° 32’ 52”, AB 
59° 13’, BC 80° 12’, and AC 81° 26’. 
16. Given A B 110°, BC 116°, and A C 116°, to find the angles ? 
Answer, Z A 134° 9'5”, Z B 134° 9’ 5”, and Z C 131° 23’ 49”, 
17. Given A B 53° 16’ 32”, BC 48° 26’ 39”, and AC 51°36’ 80”, 
to find the angles ? 
Answer, ZA 62° 18/11”, ZB 68° 1! 55”, and ZC 71° 30! 37”, 
18. Given AB 86° 12’ 52”, BC 79° 38’ 21”, and A C 58° 39’ 16”, 
to find the angles ? 
Answer, Z A 80° 10/ 10”, Z B 58° 48’ 36”, and Z C 91° 52! 42”, 
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ELEMENTARY PRINCIPLES 


OF 
NAVIGATION. 


Navication is the art of conducting a ship from one place to another. 

That this art may be rightly understood, or practised with advan- 
tawe, it is necessary that the navigator should be acquainted with the 
form of the earth, the relative situation of the lines conceived to be 
drawn upon its surface, and be furnished with correct charts of such 
parts of it as he may have occasion to visit, as well as with tables, in 
which the situations of the most remarkable sea coasts, islands, rocks, 
shoals, &c. are accurately described: and he must also understand the 
use and application of such instruments as are necessary to determine 
the direction in which the ship is steered, and the distance which she 
sails; and be further possessed of sufficient mathematical skill to 
deduce, from the data which these instruments furnish, the situation of 
the ship at any time; and to find the direction and distance of any 
piace to which it may be required that the ship should be taken. 

That the earth, in its general figure, is a round body is evident from 
various considerations. If it were flat, then in clear weather, though 
distant objects upon its surface might appear small, they would still he 
within the limit of view ; but it is uniformly observed, in every part of 
the earth, that to whatever quarter a ship sails, after she has proceeded 
a few miles to sea, she is gradually lost sight of, appearing as it were 
to sink in the waters, or to be hidden behind their convexity; the 
lower parts disappearing first, and the higher in succession. Now the 
‘figure of the object on which eS andl uniformly takes place 
must necessarily be round. 

In Junar eclipses, which are caused by the moon’s passing through 
the shadow of the earth, it is always observed that the bounding line of 
the shadow on the face of the moon is a curve line; the earth there- 
fore, which casts that shadow, must be a round body. To these and 
many other considerations it may be added, that several celebrated 
navigators, by proceeding forward always, or as nearly as circum- 
stances admitted, in the same direction, have actually arrived at the 
place which they sailed from, and have thus sailed round, or cireum- 
navigated the earth. 

But though the figure of the earth is nearly spherical, it is not 
exactly so. It revolves round one of its diameters once in a day; and 
this revolution produces an effect upon its figure, which, in nice obser- 
vations, becomes very apparent. I¢ is flattened towards the extremities 
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of the axis of rotation, but so slightly, that in computing the place of a 
ship, from the distance which she has gone, and the direction in which 
she has sailed, the earth may be safely considered as a sphere. 

The diameter round which it revolves is called the azis, and the 
extremities of that diameter the poles of the earth. That to which we 
in Europe are nearest is called the north pole, and the other the 
south pole. ; 

Great circles passing through the poles are called meridians ; the 
great circle, equidistant from both poles, and which therefore cuts 
the meridians at right angles, is called the equator, the equinoctial, or 
the line ; and less circles, whose planes are parallel to the plane of the 
equator, are called parallels of latitude. 'The meridian passing over any 
place is called the meridian of that place; and the portion of a meri- 
dian intercepted between a place and the equator is called the latztude 
of. that place; and it receives the denomination of north or south, 
according as the place is on the north or south side of the equator. 

It is customary to call the meridian of some remarkable place the 
first meridian, and the angle included between the first and any other 
meridian is called the longitude of that other meridian, or of any place 
over which the meridian passes. And as the angle included between 
two great circles is measured by the are which they intercept on 
another great circle, whose pole is at the point of their intersection, the 
longitude of a place may also be defined to be the arc of the equator 
intercepted between the first meridian and the meridian of that place ; 
and it is considered as cast or west, according as the place is situated 
towards the east or west of the first meridian. English geographers 
and seamen refer to the meridian of the Royal Observatory at Green- 
wich as the first meridian, Frenchmen to that of the Observatory at 
Paris, &c. 

The difference of latitude between any two places is an are of a 
meridian intercepted between the parallels of latitude on which the 
places are situated; and the difference of their longitudes is the angle 
at the pole included between their meridians, or the arc of the equator 
which those meridians intercept. 

Hence when the latitudes or the longitudes of two places are of the 
same denomination, the difference of their latitudes, or of their longi- 
tudes, will be found by subtracting the less from the greater; but when 
they are of different denominations, by taking their sum. 

A curve that cuts every meridian which it meets at the same angle, 
is called a rhumb line; the angle which the rhumb line makes with 
the meridian is called the course between any two places through 
which the rhumb passes; and the are of a rhumb line intercepted 
between two places is called their nautical distance. 

The meridian distance which a ship has made is an are of the 
parallel on which the ship is, intercepted between the meridian left | 


138 ELEMENTARY PRINCIPLES 


and the meridian arrived at; and the departure which a ship makes 
in sailing upon a rhumb line, zs the sum of all the intermediate meri- 
dian distances, computed on the supposition that the distance is divided 
into indefinitely small equal parts. 

The parallel of latitude, which is 23° 28’ north of the equator, is 
called the tropic of cancer; and that which is 23° 28' south of the 
equator is called the tropic of capricorn. The parallel of latitude, 
which is 23° 28’ from the north pole, is called the arctic circle ; and 
that which is at the same distance from the south pole, is called the 
antarctic circle. 'These four circles divide the surface of the earth 
into five parts, called zones. The part included between the tropics 
is called the torrid or burning zone, from the intense heat produced 
by the vertical action of the sun’s rays. ‘Those included between the 
poles and the arctic and antarctic circles, are called frigid or frozen 
zones, from the great cold arising from the periodical absence of the 
sun, and the obliquity with which his rays at all times meet the sur- 
face of those parts of the earth. ‘The two remaining parts are called 
temperate zones, from their enjoying the advantages of an intermediate 
state, between the extremes of heat and cold which prevail in the 
torrid and frigid zones. 

The equator bisects the torrid zone, and also divides the whole 
surface of the earth into two equal parts; that in which the north pole 
is situated being called the northern hemisphere, and the other the 
southern hemisphere. 

With respect to the magnitude of the earth, it has been found, by 
various admeasurements, that it is nearly equal to a sphere of 7916 
English miles in diameter, or 24869 miles in circumference, Hence, a 
geographical or a nautical mile, which is the 21600th of 360°, is nearly 
6079 English feet. 

For the sake of illustration, let us suppose that in the annexed 
figure, Pis the north pole, TK Q 
the equator, or a great circle, every 
part of which isa quadrant distant 
from P; PT, PH, PK, &c. great 
circles passing through P, and of 
course cutting the equator at right 
angles; Al, 6B, RS, &c. ares of 
smaller circles parallel to the equa- 
tor, and therefore cutting the meri- 


dians at right angles; A Ea curve 
cutting every meridian which it meets, as PK, PyL, P M,? &c. at 
the same angle. Then PH, PK, &c. produced till they meet at the 
opposite pole, are called meridians; AI, dB, RS, &c. continued 
round the globe, are called parallels of latitude; A Eis called the rhumb 
line, passing through A and E; the length of A E is called the nautical 
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distance from A to E; and the angle b A B, or any of its equals, c BC, 
dC D, &c. is called the course from A to K. Let G be the situation 
of Greenwich, then G H is the latitude of Greenwich, G Pits colatitude, 
AK the latitude of the point A, or of any place on the parallel AI; 
F K, or its equal EO, is the latitude of F, or of E, or of any place on 
the parallel FE; F A or ET is the difference of latitude of the points 
A and K, or of the parallels AI and EF, or of any places on those 
parallels, 

As P GH is the first meridian, the longitude of G, or of any place 
on the meridian P G H, is nothing; the arc T H, or the angle TPH, 
which T H measures, is the longitude of the meridian P T, or of any 
place on that meridian; the arc HK, or the angle H PK, is the 
longitude of A, or of F', or of any place on the meridian P K; the arc 
HO, or the angle H PO, is the longitude of the points O, I, S, and 
HK, or of any place on the meridian PO; the arc K O, which is the 
difference of HO and HK, is the difference of the longitudes of the 
meridians P K and P O, or of any two places on those meridians; and 
T O, the sum of TH and HO, is the difference of longitude of the 
meridians P'T and PO, | 

If a ship sail from A to HE, EF is her meridian distance ; but if she 
sail from E to A, AI is her meridian distance. 

If AB, BC, CD, &c. be conceived to be equal, and indefinitely 
small, and their number indefinitely great, then the triangles A B 4, 
B Cc, &c. may be considered as indefinitely small right-angled plane 
triangles. And as the angles B Ad, C Bc, &c. are equal, and the 
right angles Ab B, BcC, &c. are equal, the remaining angles A B 4, 
B Ce, &c. are equal; and as the’sides AB, BC, &c. are also equal, 
these elementary triangles A Bb, BCc, CDd, &c. are all identical 
triangles; therefore AE is the same multiple of AB, that the sum 
of Ad, Be, Cd, &c. is of Ad; and that the sum of Bd, Cc, Dd, &e. 
isof Bd. But the sum of Ab, Bc, Cd, &c. is equal to the whole 
difference of latitude A F, or EI, and .the sum of Bb, Cc, Dd, &c. 
is what is called the departure. Hence as ABO isa right-angled 
plane triangle, a straight line equal to AFB, and a straight line equal 
to A F, will form two sides of a right-angled plane triangle, of which 
the third side will be equal to the sum Bb, Ce, Dd, &c., and the 
angle included by the lines equal to A E and AF will be equal to 
the angle B Ab, made by the rhumb line withethe meridian on the 
globe. 

Therefore, when any two. of these four elements are given, viz. the 
difference of latitude, course, nautical distance, and departure, the 
other two may be found by the resolution of a right-angled plane 
triangle; of which the hypothenuse is the distance, the side opposite 
the course the departure, and the remaining side the difference of 
latitude, 
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Tt may be observed here, that when the rhumb line on which a 
ship sails coincides with a meridian, the difference of latitude is the 
nautical distance, and the ship changes her Jatitude only, not her lon- 
gitude ; and when the rhumb line cuts the meridians at right angles, 
the nautical distance is equal to the meridian distance, and the ship 
changes her longitude only, and not her latitude; but in every other 
direction of the rhumb line, both the latitude and longitude will be 
changed. We have seen, however, that computations made on the 
supposition that the earth isa plane, the meridians parallel straight 
lines, and the rhumb lines in consequence also straight lines, give cor- 
rect results, so far as difference of latitude, course, departure, and 
nautical distance are concerned. ‘This is called PLANE SaILina, and 
its usefulness is hence very obvious. But we have now to consider how 
the longitude of a ship may be computed when she sails a given dis- 
tance from a known place and on a given rhumb line: or generally to 
shew how a ship’s change of longitude is connected with her change of 
place on the globe. 

We shall begin with the most simple case of the general problem, 
viz. that in which a ship sails on a parallel of Jati- 
tude, or when she changes her longitude only. Let 
PA and PB be two meridians, AB the are of the 
equator which they intercept, or the difference of 
their longitudes; let the planes of the meridians 
intersect each other in PC (C being the centre of 
the globe,) and let AC B be the plane of the equa- 
tor, and DHE, FIG, the planes of any two 
parallels of latitude, of which the parts corresponding to the difference 
of longitude A B,are DE and FG respectively. ‘Then as DH and 
HE are respectively parallel to A C and BC (for each of these lines is 
perpendicular to PC), the angle D H E is equal to the angle A C B, 
and consequently the arc D E is the same portion of the whole parallel 
of which it is a part, that the arc A B is of the equator. 

Hence D E is to AB, as DH, the radius of the parallel, is to A C, 
the radius of the equator, or the radius of the globe. But DH is the 
sine of D P, or cosine of DA, the latitude of the parallel; therefore, 
as the cosine of any given latitude is to any portion of a parallel in 
that latitude, so is radius to the corresponding are of the equator, or 
the difference of longitude. 

But in any right-angled plane triangle, the base is to the hypothe- 
nuse as the cosine of the acute angle at the base is to radius; there- 
fore if the angle at the base of a right-angled plane triangle be 
measured by any given latitude, and the length of the base be equal 
to any given portion of a parallel in that latitude, the hypothenuse will 
_ be equal to the are of the equator, or the difference of longitude, cor- 
responding to the given meridian distance, or the given are of the 
parallel, 
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“ Again it may be shewn, in the same way, that D Histo F las DE 
is to FG; or as the cosine of any latitude is to any portion of the 
parallel in that latitude, so is the cosine of any other latitude to the 
corresponding portion of its parallel. Hence if two right-angled plane 
triangles have a common hypothenuse, equal to the difference of longi- 
tude of any two meridians, and the angles at the base of the triangles 
be respectively measured by any given latitudes, their bases will repre- 
sent the arcs of two parallels which correspond, in their respective 
Jatitudes, to the proposed difference of longitude. 

The above are the elementary principles of what is called PARALLEL 
SAILING ; we have next to consider how the difference of longitude 
may be determined, when a ship sails wpon an oblique rhumb. | 

For this purpose let us recur to the figure on page 138. In that 
figure, the elementary and equal parts of the departure B b, Cc, Dd, 

_&c. are severally Jess than the corresponding parts of the parallel A I, 

but greater than those of the parts which correspond to them on the 
parallel F KE. If, however, RS be the are of the middle parallel 
between F E and A I, the elementary parts of the departure on one 
side of RS will exceed the corresponding parts of that line, by nearly 
as muchas the elementary parts of the departure on the other side of 
R S are less than the corresponding parts of that line. Hence RS, 
the meridian distance in the middle latitude, is nearly equal to the 
departure, or the sum of the elementary meridian distances that arise 
in sailing on an oblique rhumb. ‘Therefore, considering the departure 
as a meridian distance on the middle parallel, between the latitude 
Jeft and the latitude arrived at, the difference of longitude may be com- 
puted in the same manner as in-parallel sailing. 

For if the angle at the jbase of a right-angled plane triangle be mea~ 
sured by the middle latitude, and the base be equal to the departure, 
the hypothenuse will be nearly equal to the difference of longitude ; 
not ezractly equal; for though, in places near the equator, or indeed for 
such short distances as an ordinary day’s ran in any situation, except 
in very high latitudes, the meridian distance in the middle parallel 
may, without any important sacrifice of accuracy, be taken for the 
departure, they are in no case exactly equal. 

This method of connecting the change in longitude with a ship’s 
change of place, is called Mippie Larirupe SAILING. 

Yo exhibit more plainly the practical application of what has been 
here said, let D E (see the last figure), a given 


meridian distance, in a given latitude A D, be repre- Cc 
sented by the line A Bin the annexed figure; then 
if the angle B AC in the annexed figure be mea- ge) 
sured by the latitude A D, in the former one, A C 
in this figure will be equal to A B, the difference of A _ B 


longitude, in the other figure, 
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Acain, if AE (see figure, page 138) be represented by D B in 
this figure, and A F in that figure by DC in this, then the A 
angle B C D will be a right angle, and B C the departure, 
which will be correctly equal to the sum of B 6, Cc, &e. 
(fiz., page 138) and nearly equal to RS, in that figure, 
the meridian distance in the middle latitude. If, there- 
fore, in the right-angled triangle BC A, the angle C B A 
be measured by the middle latitude, or the latitude of 
the parallel RS; then A B, the hypothenuse, in this figure, 
will be nearly equal to K O (figure, page 188), the difference of longi- 
tude which the ship has made in sailing from A to E, If, therefore, 
in these two connected right-angled triangles, D C be the difference of 
latitude, B D the nautical distance, andC BA the middle latitude; 
then C D Bis the course, C B the departure, or the meridian distance 
in the middle latitude nearly, and A B the difference of longitude 
nearly. 

The solution of the leading problems in navigation being thus in 
practice reduced to the computation of the different parts of two right- 
angled plane triangles, as DBC, BC A, having the meridian distance 
in the middle latitude for a common side, aud forming together one 
triangle, as A BD, the different parts of those triangles may be deter- 
mined from each other by trigonometry, inspection, or otherwise; but 
there are one or two useful relations among the parts of the triangles, 
to which it may be well to draw the student’s particular attention. 

1. In the oblique-angled triangled A B D, 

sin A: BD::sinD:A B. 
But the angle A is the complement of the angle A BC, the middle 
latitude, therefore this proportion is 
cos . mid lat : dist: : sin . course: diff long. ; | 
2. in the Ashbeined triangles DC Band BC A. (Trig., Prop. 4) 
DC.tanBD C=C B. rad 


C B 


D 


and BA.cosC BA =CB.rad 
Therefore DC.tanBDC=BA.cossCBA 
or DC:BA::cosC BA:tan BDC 


that is, diff lat: diff long : : cos mid lat : tan course. 

These two proportions may be varied according to the data which 
may be given. 

There is however another, and a very ingenious method, by which 
the connection between a ship’s change in longitude and her change 
of place may be determined, called, from its inventor, Mrercator’s 
Saitine. In this method the globe is conceived to beso projected 
ona plane, that the meridians are parallel lines, and the elementary 
parts of the meridians and parallels bear, in all latitudes, the same 
proportion to each other that they do upon the globe. 

Now, as the meridians are all great circles, and the parallels are all 
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small circles of ‘the globe, it is evident that, except at the equator, no 
given part of a meridian can be equal toa like part of its parallel ; 
and as the parallels diminish towards the poles, their like parts will 
also diminish; and, consequently, any given portion of a meridian 
will differ more from a like portion of a parallel, according as the 
parallel is at a greater distance from the equator. 

But as in Mercator’s projection of the globe the meridians are 
parallel to each other, the distance of any two meridians will in all 
latitudes be the same, and equal also to the difference of longitude of 
those meridians, Hence as the parallels are less than the equator, but 
in the projection they are all made equal to it, they are all in the pro- 
jection increased beyond their relative magnitudes on the globe; those 
which are least in themselves, or whose latitudes are greatest, being 
increased most. If therefore the elementary parts of the meridians 
bear the same proportion to the like parts of their parallels in the pro- 
jection, that they do to each other on the globe, the elementary parts of 
the meridian must, in the projection, be increased in the same propor- 
tion as those of the parallels are; and as the parallels distant from the 
equator are most increased, the elementary parts of the projected 
meridian must increase more and more as they are at a greater dis- 
tance from the equator. 

To investigate the proportion in which this increase must take 
place, we have already seen that, cosine latitude : radius, or radius ¢ 
sect lat $: any portion of a parallel : a like portion of the equator. 
But the equator and meridian are equal circles, therefore radius ? sect 
lat :: any portion of the parallel : a like portion of the meridian. 

Now in Mercator’s projection the parallels are all equal to the 
equator, or to the meridian on the globe; therefore, in this projection, 
radius ¢ sect lat :: an elementary part of a meridian on the globe : the 
length of that elementary part in the projection. Or if we take radius 
equal to unity, and consider 1’ as an elementary portion of the me- 
ridian, we have rad (1) : sect lat :; 1’: the length of 1’ in the projec- 
tion. Hence the length of 1’ in the projection in any latitude is equal 
to the natural secant of that latitude, the radius being unity. 

Therefore in lat 1’, 1’ of lat = sec 1’ in the projection 

2! = sec 2/ 
3’, = sec 3’ &e., 

And consequently sec 1’ + sec 2’ + sec 3’ is the distance of the third 
minute of the meridian from the equator in the projection; and 
this sum, which is found in Table 3, is called the meridional parts 
of 3’, 

In this manner may the meridional parts corresponding to every 
portion of the meridian be computed; but the smaller the part is 
which is taken as the elementary part of the meridian, so much the 
more exactly will the length of the parts of it in the projection be 
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obtained. Instead of taking 1/ as the elementary part, we might have 
taken 1”, and the method of computation would have been precisely 
the same. The calculation of course would have been lengthened ; 
but even in the latitude of 70° the length of the projected meridian 
from the equator would not have differed much more than half a 
minute from that by the calculation having 1’ for its base. 

There are other methods by which the computation of the length of 
the projected meridian may be more expeditiously made ; but the above 
will give the student a distinct conception of the nature of the artifice 
by which the proportion between the meridians and parallels is pre- 
served, and of the principles of one method by which he may examine 
for himself the accuracy of the numbers contained in his table. 

Now, as in this projection the meridians are parallel straight lines, 
the rhumb lines, which cut the meridians all at the same angle on 
the globe, will all be straight lines cutting them at the same angles in 
the projection that they do upon the globe; and the distance between 
any two places on the globe will be to the projected distance, as the 
difference of latitude of the places on the globe is to the projected or 
meridional difference of latitude; and the difference of latitude on the 
globe will be to the departure, as the projected or meridional difference 
of latitude is to the difference of longitude. 

' For let the annexed figure be the Mercator’s projection of that part 
of the figure, p. 138, which is marked by like 
letters without dashes; then all the elementary 
triangles AbB, BcC, &c. in that figure are {@& 


respectively similar to each other; and, by the ¥ of 
nature of the projection, they are also similar to 

the corresponding triangles A’ 0! B’, B’c! C’, & 

&c. in this figure; and as the elementary tri- A 


angles Ab B, BcC, &c. may be collectively 
represented by a similar right-angled plane tri- 
angle, whose perpendicular is equal to A F, hypothenuse to A E, 
and base tobB +c C, &c.; therefore the projected triangles A/ 0! B’, 
B’c'C’, &c. may be represented also by a plane triangle, similar to that 
by which those on the globe are represented, having A’ F’, the projected 
difference of latitude, for its perpendicular, F’ E’ or B’d! + C'c’, &e. 
the difference of longitude for its base, A’ E’ the projected distance for 
its hypothenuse, and the angle F’ A’ E’ equal to the course. 

If, therefore, in the annexed figure, ABC and ADE be two richt- 
angled triangles, and AB be the difference of latitude, p E 
the common angle A the course, and AD the meri- B C: 
dional difference of latitude; then BC will be the ’ 
departure, or the sum of the elementary meridian dis- 
tances, AC the nautical distance, and DE the differ- 
ence of longitude, all exactly. Hence from such part 
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of these triangles as may be given in any case proposed for solution, 
the others may be obtained by computation, inspection, or otherwise, 

The following obvious proportions will be found useful in practice, 

Vy AB BC. 32, ADOe De 

2. ADs DE? rade; tan A 

That is diff lat : dep :; mer diff lat : diff long. 

And mer diff lat : diff long :: rad : tan . course. 

We proceed now to investigate another method of finding the 
course and distance, first published by Mr. B. Workman. ‘This 
method is in all cases accurate, and may be used in preference to the 
other methods when the course is large. 

Let / = the proper diff lat, 7’ = the mer diff lat, L = the diff long, 
m = the lat in which the meridian dist is exactly equal to the departure, 
and C =the course. Then, by the principles of middle latitude, 

cosm.UL_ radi 


and Mercator’s sailing, sey oe aT each being == tanC. Hence 


rad. : 
cos m = are The difference ‘between m, and the middle latitude, 


is given in the table at the beginning of the practical article on Middle 
Latitude and Mercator’s Sailing. 


Again, by mid lat sailing, dep = satis and by plane sailing 
ra ; 
dist . si y ‘ 
dep = te al Whence sin C : cosm:: L: dist. 


rad 
From the preceding elementary view of the principles of navigation, 
it will be seen that the whole business of practical computation 
resolves itself into the solution of: plane triangles; and that therefore 
navigation may be considered as only a particular application of plane 
trigonometry. 


ON THE INSTRUMENTS BY WHICH A SHIP’S COURSE 
AND DISTANCE ARE DETERMINED AT SEA. 


Tue course of a ship, or the angle which the rhumb line on which she 
sails makes with the meridian, is determined by an instrument called 
Tue Compass; which is merely a circular card suspended horizontally 
on a point, and having a magnetised bar of hardened steel, called THz 
Nerptz, for one of its diameters. 

The circumference of the card is generally divided into thirty-two 
equal parts, called points; and each of those divisions is again subdivided 
into four parts, called quarter points. 

A point of the compass being therefore the 32d part of the cireum- 
ference of a circle, is equal to 11° 15. But in some compasses, for 
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delicate observations, particularly those called azimuth compasses, the 
rim of the card is divided into degrees. 

The magnetised needle has the peculiar property of pointing always 
in a particular direction, generally not far from the direction of the 
meridian. 

That point of the card which coincides with the northerly end of the 
needle is called the magnetic north, and the opposite point the magnetic 
south ; and, looking towards the north end of the needle, the middle 
point on the right, between the north and south, is called the east, and 
the opposite point the west. These four are called cardinal points, and 
the others are named according to their situation with respect to these 
cardinal points, as in the annexed figure. 


The following Table shews the degrees, &c. corresponding to every 
quarter point of the compass. 


Points. . Points. 
0 0°.) FOTN ea 45°. .Q) } O# 
Ot 2 48 45 At 47 48 45 
04 Bot. aU a 50 37 30 
3 8 26 15 3 58 26 15 
1 11 15 O 5 56 15.0 
+ 14 3 45 5t 59 3 45 
13 16 52 30 5s 61 52 30 
12 19 41 15 52 64 41 15 
2 22 30. 0 6 67 30 O 
+ 25 18 45 | 62 70 18 45 
Qs 28 7 30 64 73 7 30 
Ss 30 56 15 64 75° 50° TS 
3 33 45 0 7 78 45 0 
+ 36 33 45 "t 81 33 45 
z 39 22 30 yes 84 22 30 
33 42 11 15 72 So) dae lp . 
4 45 0 0 8 90 0° 0 
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The situation of the needle with respect to the meridian is not the 
same at every place, nor is it always the same at the same place. At 
present at London the north end of the needle points about 243° 
towards the west of the true north point of the horizon, but at the 
North Cape it points only about 1° towards the west, while in some parts 
of Davis’s Straits its direction is more than 64 points towards the west, _ 
and near Cape Horn it points about 22° towards the east of the true 
north. 

Again, in the year 1580, the direction of the needle, at London, was 
about one point towards the east of the north, while, as has been 
already observed, it at present points about 244° towards the west. 
But in the West Indies, for a very long period, the deviation of the 
needle has undergone but a very trifling variation. 

Delicate observations appear to indicate that it is again at London 
retrograding towards the east; and Mr. Bartow, in his valuable 
*‘Essay on Magnetic Attractions,’ observes that all the phenomena 
attending the progressive change of the needle’s deviation from the 
meridian, may be accounted for by conceiving the magnetic pole to 
revolve in a parallel of latitude from east to west; but that every place 
appears to have its individual pole. 

The direction of the needle, or, as it is called, the variation of the 
compass, may however be determined at any time (as will afterwards 
be shewn) by astronomical observations ; the points of the horizon, 
which correspond to the several points of the compass, may therefore 
easily be found by allowing for the variation, when it is known. 

Thus, if it be found that the north end of the needle points to the 
NN W point of the horizon, the compass is then said to have two 
points westerly variation, and the NN FE point of the compass will 
coincide with the meridian, the east point of the compass with the EN E 
point of the horizon, &c. | 

But if the north point of the compass points to the N E by N point 
of the horizon, the compass is said to have three points easterly varia- 
tion, and the N W by N point of the compass will coincide with the 
meridian, the east point of the compass with S E by E point of the 
horizon, &c. If, therefore, a ship is steered N W by a compass which 
has two points westerly variation, the angle which her way makes with the 
true meridian will be six points, or the ship’s true course will be W N W. 

Hence, when the compass course is given to determine the true 
course, allow the variation, if it be westerly, to the eft of the compass 
course; and, if easterly, to the right of the compass course. On the 
contrary, when the true course is known, and the corresponding course . 
s required by a compass whose variation is given, allow the variation, 
when it is west, to the right of the true course, and when east to the 
left of the true course, and the point thus determined is the required 
compass course. aie 
L 2 
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When a needle which is balanced horizontally on a point is mag 
netised, it not only acquires the property of pointing ina particular hori 
zontal direction, but it loses its balance, or becomes inclined to the 
horizon; and it requires an additional weight to be applied to the ele- 
vated end of the needle to restore it to its horizontal position. This 
inclination of the needle to the horizon is called the dip; and as it is 
different in different situations, a magnetised needle which is horizontal 
in one place may not be horizontal in another. ‘The weight, therefore, 
which is a counterpoise to the dip in one place may not be so in another ; 
and on this account needles properly fitted up for mariners’ compasses 
have a sliding weight applied to them, to adjust them to the horizontal 
position at any time. 

The needle, with its apparatus, is generally placed in a brass case, 
which being slung in gimbals, the card is always at liberty to assume a 
horizontal position; and in the inside of the case there are two black 
vertical lines, which with respect to the card are diametrically opposite 
to each other. ‘The imaginary horizontal line joining these two vertical 
ones ought to be exactly in the vertical plane cutting the ship from 
stem to stern; and the point of the card which coincides with the ver- 
tical line towards the stem of the vessel indicates the direction of the 
ship’s head, or shews her apparent course by the compass. 

No iron whatever should be allowed to be near the compass. 
Indeed, it has been lately noticed that the whole mass of iron in a ship 
often exerts a perceptible influence on the direction of the needle, 
which varies according to the situation of the ship’s head with respect 
to the magnetic meridian. We shall afterwards advert more particu- 
Jarly to this local attraction, when we consider the methods by which 
the variation of the compass may be found astronomically. 

A ship’s rate of sailing is estimated by heaving into the sea a piece 
of wood called Tur Loa, so loaded with lead that it will just swim. 
The log is then conceived to remain stationary in the water, and a line 
is attached to it, called the Loc Line, which at its other end is wound 
round a reel. The reel being turned, the part of the line that is with- 
drawn from it by the log in a given time is the distance which the ship 
runs from the log during that interval; and hence, by proportion, 
her distance for any other time may be obtained, while her rate of 
sailing continues the same. 

The log is made in the form of a sector of a circle, and the lead with 
which it is loaded is applied to the are; the central point is therefore 
vertical in the water. 

The line is so attached to it that the flat side of the log is 
kept towards the ship, that the resistance of the water against the 
face of the log may prevent it, as much as possible, from being 
dragged after the ship by the weight of the line or the friction of the reel. 

The time which is usually occupied in determining a ship’s rate is 
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half a minute, and the experiment for the purpose is generally made at 
the end of every hour, but in common merchantmen at the end of 
every second hour. As the time of operating is half a minute, or 
the 12th part of an hour, if the line were divided into 120ths 
of a nautical mile, whatever number of those parts a ship might 
run in half a minute, she would, at the same rate of sailing, run 
exactly a like number of miles in an hour. The 120th part of a mile 
is by seamen called a knot, and the knot is generally subdivided into 
smaller parts, called fathoms. Sometimes (and it is the most conve- 
nient method of division) the knot is divided into ten parts; more fre- 
quently perhaps into eight; but in either case the subdivision is called 
a fathom. In ships where no great accuracy in navigation is at- 
tempted, the knot is subdivided into four parts, and sometimes only 
into two. 

We shall, however, consider a fathom as the denth part of a knot; 
and as a nautical mile (p. 138) is 6079 feet, the 120th part of this, or 
the length of a knot, will be 50°66 feet, or nearly 50 feet 8 inches, 
Hence a fathom ought to be 5 feet and eight tenths of an inch nearly. 
In practice, however, 50 feet is generally considered as sufficient for the 
length of a knot, for the log is always in some degree drawn towards 
the ship, and therefore the distance given by a correct line is always 
less than the true distance. ‘The operation for estimating the rate is 
called by seamen heaving the log. 

The time is measured by a sand glass, which ought of course to run 
out in 30 seconds. A quantity of the line, called the stray line, is 
allowed to run out before the glass is turned, that the log may be 
without the reach of the ship’s wake. When the glass is run out, the 
knots, and parts of a knot between the ship and the mark at the end of 
the stray line, indicate the distance which the ship has run from the 
log in the interval of time measured by the sand glass; hence her 
hourly rate of sailing is known. 

The time which the sand glass takes in running out, and the length 
of the knots of the log line, should frequently be examined; for the 
time by the sand glass is materially affected by the state of the atmos- 
phere, and the log line is liable to contract from the action of the water ; 
and it may happen that the whole line, or different parts of it, may 
accidentally be stretched. 

If either the glass or the line, or both, be found erroneous, the 
error must be ascertained, and the true distance may then be found by 
a simple formula, which may be thus investigated. 

Let k = the true length of a knot, and m = the measured length of 
one; ¢ = the seconds in the same part of an hour that & is of a mile, 
$s = the seconds run by the glass, and d = the distance as deter-~ 
mined by these erroneous instruments. 
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Then k:m: a the true distance, if the log line only were 
dm id | 
erroneous; and s:é:: "i : —— a general expression for beg true 
distance when the log line and the glass are both erroneous. 
If s=¢, orif the log line only is erroneous, the general expres- 


sion becomes ma as before; and if m=4&, or the glass only is 


Siar 
erroneous, the expression is 


If ¢ = 30 seconds, and & = 50 


tdm _  30dm _ cat 
sia aes 

the log line and the glass are erroneous. 

If m = 50 feet, or if the glass only is erroneous, this expression is 


30 d : : i A 
——; and if s= 30, or if the line only is erroneous, the expression 
s 


, the true distance when both 


feet, we have 


dm 
is —. 
50 
If t,k, and s were given to find a corresponding value of m,; we 
gh gel org sk as 
ave f:si:kim= 7- =>. 


PRACTICAL APPLICATION OF THE PRINCIPLES OF 
NAVIGATION, 

To jind the difference of latitude or the difference of longitude 
between any two places whose latitudes and longitudes are given- 

Rue. When the given latitudes are of the same denomination, sub- 
tract the less from the greater; but when they are of different deno- — 
minations, add them together; and the sum or the remainder will be 
the difference of latitude. 

The difference of longitude is found in the same manner; observing, 
however, that the difference of longitude signifies the Jess are of the 
equator intercepted between two meridians; and that, therefore, when 
the longitudes are of different denominations, and their sum exceeds © 
180°, that the sum must be subtracted from 360° to find the smi 
of longitude. 


EXAMPLES. 


Required the difference of latitude and difference of ong 


between the Lizard Point and the Peak of Pico ? meter + "_ 
Lacard Phat let. *.... .t.. 49° 58’ N . 
Pico Wek). 200i Wen bbs e ne cok 38 28 N 
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Lizard Point long .......... 5° 11’ W 
Tee ee eee 28 33 W 
diff long 23 22 = 1402 miles. 


Required the difference of latitude and difference of longitude 
between Halifax and the Cape of Good Hope? 
Eamiivax jet ....... “Sage Geir 44° 44’N 
Cape of Good Hope lat ...... 34 29S 


diff lat 79 13 = 4753 miles. 


Halifax long...,............63° 36’ W 
Cape of Good Hope long’ .....18 23 E 


diff long 81 59 = 4919 miles. 


Required the difference of latitude and difference of longitude be- 
tween Cape Horn and South Cape, Van Diemen’s Iuand ? 
SepeetOrlal 2.0.2.6... 95 58'S 
ota Cape lat... ...-...0.. 43 37S 


diff lat 12 21 = 741 miles. 


Cape Horn long....+..... 67° 21’ W 
South Cape long .....+..-. 146 49 E 


214 10 
360 0 


difflong 145 50 = 8750 miles. 


EXAMPLES FOR EXERCISE. 
Required the difference of latitude and difference of longitude be- 
tween the following places ? 
1. Between Cape Amber, in Madagascar, and Bombay ? 
Answer, diff lat 1851, and diff long 1422 miles, 
2. Between Dondre Head, in Ceylon, and Socotra? 
Answer, diff lat 407 and diff long 1645 miles. 
3. Between Savannah and Cape Clear ? 
Answer, diff Jat 1165, and difflong 4288 miles, 
4, Between Cape Padaran and Cayenne? 
Answer, diff lat 670, and diff long 3898 miles. 
5. Between Algiers and Genoa? 
Answer, diff lat 457, and diff long 351 miles. 


To find the latitude and longitude at which a ship has arrived, when 
those of the place which she left, and the difference of latitude and lon- 
gitude which she has made, are given. 

Rue. If the latitude left and the difference of latitude are of the 
same denomination, add them together; but if they are of different 
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denominations, take their difference ; and the sum or the remainder is 
the latitude arrived at, and of the same denomination with the 
greater. ’ 

Remark. As no place can be farther distant from the equator than 
the poles, the latitude cannot exceed 90°. 

The longitude arrived at is found in the same manner as the lati- 
tude; but as the longitude is reckoned both east and west, if the longi- 
tude left and the difference of longitude are of the same denomination, 
and their sum exceeds 180°, the difference between the sum and 360° 
is the longitude arrived at, and of a contrary denomination to the lon- 
gitude left. 

EXAMPLES. 

If a ship sail from Cape Finisterre towards the south-west till her 
diff of lat is 140, and her diff of long 115 miles, required her latitude 
and longitude in ? 


Cape Finisterre lat 42° 54’ N Long lett? sa. eee 
diflatl40= 2 20S diff long 118= 1 58 W 
latin 40 34 N longin 11 14 W 


If a ship sail from lat 50° 18’ S long 178° 21’ E towards the S E 
till her diff lat is 638 and her diff long 400 miles, required her latitude 
and longitude in ? 


Dat tele altos SeoD P18, 5 Long left. 3. :!.). ae ene 
difflat638—=—10 38 S difflong 400 = 6 40 E 

Jat in 60 56 § 185 OL 

360. 0 


long in 174 59 W 


ee 


EXAMPLES FOR EXERCISE. 


In the following examples the latitude and longitude arrived at are 
required. 


Answer. 
Lat left. Long left. Difflat. Difflong. § Lat.in. Long in. | 
Miles. Miles. 
1 ABMS 16° 34’ W 149 N 218 E 45° 33/S 12° 56’ W 
2.55 18 N 2 18 E 80 N 162 W 06 38 N 0 24 W 
3. 48 30N 30 6 W 175 § 260 W 45 35 N 34 26 W 
4. 0 O ee 238 N 141 W 3 58 N 2 21 W 
5.64 2N 3.13 W 304 S 158 EK 58 58 N 0 35 W 
6.39 3758 28 17 EK 12S! «2.800 ,E 41 898 9 33 Si7aR 


Lo know in what quarter of the horizon the course between any two 
places lies. 

Rue. Ifthe place bound to has greater north latitude, or less south 
latitude, than the place to be sailed from, the course will be northerly ; 
otherwise it will be southerly. And if the place bound to has ereater 


ON CORRECTING THE COURSE AND DISTANCE. 153 


east longitude, or less west longitude, than the place to be sailed from, 
the course will be easterly; otherwise it will be westerly. These direc- 
tions combined will indicate the quarter in which the course lies. 


EXAMPLE. 


In what quarter of the horizon will the course lie from lat 28° N 
long 16° W to lat 35° N long 2° W ? 

Here the place bound to has greater north lat than the place to be 
sailed from; the course, therefore, is northerly. And as the place 
bound to has less west long than the place to be sailed from, the course 
is also easterly. The course is therefore between the north and east, 
or in the north-east quarter of the horizon. 

In what quarter of the compass will the course lie in sailing from the 
first to the second of each of the following places ? 

1. From Aberdeen to Rotterdam ? Answer, in the S E quarter. 

2. From the Lizard to Halifax ? Answer, in the S W quarter. 

3. From the Cape of Good Hope (Africa) to Van Diemen’s Land ? 
Answer, in the S E quarter. 

4, From Cape Horn to St. Helena? Answer, in the N E quarter. 
5. From Lisbon to Cape Farewell (Greenland ?) 

_ Answer, in the N W quarter, 

6. From the Cape of Good Hope (Africa) to Rio Janeiro? 

Answer, in the N W quarter, 


To correct the distance given by the log and half minute glass, for 
errors in the line and glass. 

GeneraL Rutz. Multiply the given distance by six times the mea- 
sured length of a knot, and divide the product by ten times the 
seconds which the glass takes in running out, and the quotient will in 
any case be the true distance. 


EXAMPLES. 


A ship runs 126 miles, but it is found on examination that the length 
of the knots on the log line is 52 feet, and that the glass runs out in 27 
seconds: required the true distance ? 

126 
6 xX 52 = 312 
252 

126 
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. 
EXXAMPLES FOR EXERCISE. 


In the following examples the true distance is required. 


Dist. by Lengthof Seconds by 


log. knots. glass. Answer. 
Miles Feet. Seconds. True distance. 
1. 87 48 26 96 
2. 218 53 31 224 
3. 146 46 28 144 
4. 159 52 27 184 
5. 46 51 28 50 
6. 102 48 28 105 


When the true course and the variation of the compass are given, to 
Jind the compass course. . 

Rute. If the variation be west, allow it to the right, but if east, 
allow it to the left of the true course, and the point thus determined is 
the required compass course. 


EXAMPLE. ’ 
The true course from the Lizard to St. Mary’s is S W = W, and the 
variation of the compass at the Lizard is 2 W: what is the compass 
~ course ? 
Answer, 2? points allowed to the right ifS W = W gives W3S, the 
required compass course. 


EXAMPLES FOR EXERCISE. 


In the following examples the compass courses are required. 


Answer 


True Course, Variation, Points. Compass Course. 
1. NEbN 2 W NEbE,JE 
2. NW 5 W NbE 
3. NNW 34 E NWbWiW 
4) StE 12.W  - §bWiWw 
5. SSW2W 45 i SbEZE 
6. W 2W WN W 
TE bs 65 E NN ESE 
Bis 16 24° B S 42° E 
9. S46W 22 W . S68 W 
10. N3lW 3K N 44 W 


When the course which a ship has steered by the compass, and the 
variation of the compass are given, to find the true course, 


If the variation be west, allow it to the left, but if east, allow it to the 
right of the compass course, and you have the true course corre- 
sponding to that given by the compass, 
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EXAMPLE. 
If a ship be steered N N W by a compass which has 13 points west- 
erly variation, required her true course? 


Answer, 1% points allowed to the left of NN W gives NWN for 
the true course. 


EXAMPLES FOR EXERCISE. 


In the following examples the true courses are required. 


Answer. 

Compass Course, Variation, Points. True Course. 
1 SSEiE 2+ W SEbE | 
2. EN 3E ESEsS8 
3. NWbW 3% E NbWiWw 
4. WSWis 4W SbWiW 
5. SSW 15 W Sa W 

Gus N 5 E NEbE 

7. EbS 2% EB SEE 

8. S60°E 18° W S78° E 

9. N24W 36 E N12E 
10. S1l6W 40 E S56 W 


OF LEEWAY. 


Tur angle included between the direction of the fore and aft line of 
a ship, and that in which she moves through the water, is called the 
leeway. 

When the wind is on the right-hand side of a ship, she is said to 
be on the starboard tack; and when on the left-hand side, she is said 
to be on the /arboard tack; and when she sails as near the wind as 
she will lie, she is said to be close hauled. Few large vessels will lie 
within less than six points of the wind, though small ones will some- 
times lie within about five points, or even less; but, under such 
circumstances, the real course of a ship is seldom precisely in the 
direction of her head; for a considerable portion of the force of the 
wind is then exerted in driving her to leeward, and hence her course 
through the water is in general found to be leeward of that on which 
she is steered by the compass. Therefore, to determine the point 
towards which a ship is actually moving, the leeway must be allowed 
from the wind, or towards the right of her apparent course, when she 
is on the larboard tack ; but towards the left when she is on the star- 
board tack. - 

It is evident that the track which a ship leaves on the water, or 
the wake, as the track is called, will lie directly opposite to the point 
towards which she is moving, whatever way her head may lie. If, 
therefore, the figure of a compass were drawn in any convenient 
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situation, so that its meridian were parallel to the fore and aft line of 
the ship, the angle included between the meridian of this compass and 
that point of it which was directed towards the wake, would be the 
Jeeway; and in some such manner as this, it is desirable that the lee- 
way should be determined when practicable 

The quantity of leeway which a ship will make varies, however, 
under different circumstances. Ifall other circumstances be the same, 
a light ship will make more leeway than a laden one. It is seldom 
that two ships on the same course make precisely the same leeway ; 
and it not unfrequently happens that the same ship makes a different 
leeway on each tack. It is the duty of the officer of the watch to 
exercise his best skill in determining, or estimating, how much this 
deviation from the apparent course amounts to; and in the dark the 
chief reliance must be placed on the judgment of the experienced 
mariner. 

In estimating the leeway, there are certain rules by which mariners 
are often guided; and though they can only be considered as afford- 
ing a general approximation to the truth, and often a very distant 
approximation, they are here given: but no opportunity should be 
neglected to determine this important element by observation. 


General Rules for estimating the Leeway when a Ship is close hauled. 


1. When the water is smooth, all sails set, and the wind moderate, 
allow no leeway. 

If there be a strong breeze, the leeway may amount to 1 point. 

2. When top-gallant sails are handed, the leeway may be from 
1 point to 13 point. 

3. Under close-reefed top sails, the allowance may be from 2 to3 
points. | 

A, With top sails handed, from 3 to 4 points. 

5. Under courses, from 4 to 6 points, according to circumstances. 

6. Under reefed courses, possibly 6 points. 

7. Under storm stay sails, possibly 7 points. 

8. Under bare poles, from 7 to 8 points. 


It has not been attempted in the above rules, and indeed it is — 
impossible, to state precisely what the allowance for leeway ought to 
be under all or any circumstances. This, in any given case, must be 
left to the judgment of the mariner, whose knowledge must extend 
to a number of minutie bearing upon the question, before he will 
affirm that, after exercising his best skill, he has satisfied himself that 
his estimate is right. 

But supposing the leeway to be known, the course steered must be 
corrected for it; and the following examples are given as exercises in 
correcting the courses both for leeway and variation, the true course 
being required. 
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EXAMPLES FOR EXERCISE. 


Compass Leeway Variation Answer. 

Course. Tack. Points. Points. True Course, 
1. SEbS Larboard 14 2W SES 
Beds Starboard 3 21h ESN 
3. WNW Starboard 25 4 W SWss 
4. SSW4W = Larboard 5 3E NWbWsiW 
5. N Larboard vi 3+ E SEbE:EB 
6. N2E Starboard 3 3 W NWbWiW 
7. NEbE Larboard 2 2 W NEbE 
8 SWss Starboard 54 4> E SSWwiw 


OF PLANE SAILING. 


In plane sailing the earth is considered as a plane, the meridians as 
parallel straight lines, and the parallels of latitude as lines cutting 
the meridians at right angles. And though it is not strictly correct 
to consider any part of the earth’s surface as a plane, yet, when the 
operations to be performed are confined within the distance of a few 
miles, no material error will arise from considering them as performed. 
on a plane surface. And, as we have already seen, in all questions 
where the nautical distance, difference of latitude, departure, and 
course are the objects of consideration, the results will be the same, 
whether the lines be considered as curves drawn on the surface of the 
globe, or as equal straight lines drawn on a plane. 

In all maps, and charts, and constructions, when it is not otherwise 
stated, it is customary to consider the top of the page as pointing 
towards the north, the lower part as the south, the right side as the 
east, and the left as the west. ‘The meridians, therefore, in any con- 
struction, will be represented by vertical lines, and the parallels of 
latitude by horizontal ones. 

Hence, in constructing a figure for the solution of any case in plane 
sailing, the difference of latitude will be represented by a vertical 
line, the departure by a horizontal one, and the distance by the hypo- 
thenusal line, which forms with the difference of latitude and depar- 
ture a right-angled triangle; and the course will be the angle included 
between the difference of latitude and distance. 

With this understanding, the solution of any case that can arise from 
varying the data in plane sailing, will present no difficulty. 
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EXAMPLES. 


1, If aship sail from Cape St, Vincent SW 4S 148 miles, required 
her latitude in, and the departure which she has made? 


By Construction. 


Draw the vertical line A B, to represent the meridian; from the line 
of rhumbs take the angle B A C=33 points, the given 
course ; and from a scale of equal parts take A C=148 
miles, the given distance; from C on A B draw the 
perpendicular C B, then A B willbe the difference 
of latitude, and BC the required departure; and 
measured on the scale from which A C wastaken, A B 
will be found 114°4, and B C 93:9, 


By Inspection, 
With Z A, 34 points, in Table 1,and A C 148 miles in the dist 
column, A B is found 114°4 in the lat column, and B C 93°9 in the 
dep column. 


By GuNnTER’s SCALE. 


Extend from 8 to 34 points, the course, on the line S R, and that 
extent will reach from 148, the dist, towards the left on the line of 
numbers, to the departure 93°9. Again, extend on the line S R from 
8 to 43 points (the complement of 34 points), and that extent will 
reach from 148 towards the left on the line of numbers to 114’4, the 
difference of latitude. 


By CALCULATION. 


BAS Pies * a58 veee++10°000000 radius ...++++++++++10°000000 
>: AC 148 miles...... 2:170262 :AC 148 miles ... 2°170262 
:: cosin Z A 3} points 9°888185 ::sinZA 33 points.. 9°802359 
:: AB diff lat 114:4.. 2:058447. : BC dep 93°89 ... 1972621 


Lat of Cape St. Vincent.... 37° 3’N 
AA JBUE sd 4 eee ge eee 1 “543 
1 Se A Mare ab biti oy Oa 


2. Ifa ship sail from the Cape of Good Hope southwestward, till she 
arrive in latitude 36° 34’S, and it be found that upon the whole she 
has made 75 miles of departure, required the course and distance 
which she has made ? ; 
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Lat of Cape of Good Hope... 34° 24’ § 
MEET CUS s ches dececscuse 36 34 § 


BAILS bere wie, 0d Ma iiss 4. ~ 210 S = 1380 miles. . 


By Construction. 


Draw AB and BC (see the last figure} perpendicular to each 
other, make A B = 130, and B C = 75, from ascale of equal parts, and 
join A C; thenthe Z A, the course, will be found = 30°, and A C, 
the distance, = 150 miles. 


By INspEctTIon. 


In Table 2, with A B 130, in the lat column, and BC 75, in the 
depcolumn, Z A is found at the top of the table = 30° nearly, and 
A C in the dist column 150. 


By GuntTer’s ScAte. 


Extend from the diff lat 130, to the dep 75, on the line of num- 
bers; that extent will reach on the line of tangents from 45°, or 
radius, to about 30°, the course. Again, extend from radius 90° on 
the line of sines, to 60°, the complement of the course; and that ex- 
tent will reach from 130, the diff lat towards the right, on the line of 
numbers, to 150, the distance. 


By CaLcuLaTIon. 


A B 130 oetee ecee 2'113943 radius gees 6 gee ew Se 10°000000 
4 ee EOOUU0OU A) Ws) Bast ee Oo ae Bhs 4s 
Sere ti. os. « 1°875061 Ste S60 7 APO ae. «.. 10°062396 
et OF. nies 9761118 GL LSU he cae es theti race Ge Oe LO 


ee art pee 


Hence the course is S 29° 59’ W, and the distance 150'1 miles. 


EXAMPLES FOR EXERCISE. 


1. If a ship sail from Oporto, N W + W 315 miles, required her 
departure, and the latitude she has arrived at ? 
. Answer, dep 233'4 miles W, and lat 44° 41’ N. 
2. Ifa ship sail from lat 55° 1’N, S EbS,till her departure is 45 
miles, required the distance she has sailed, and her latitude ? 
Answer, dist 81 miles, and lat 53° 54’ N, 


160 PLANE: SAILING. 


3. A-ship from lat 36°12! N, sails southwestward. till she arrives in 
lat 35° 1’ N, having made 76 miles of departure, required her'course’ 
and distance ? Answer, course 8S 46° 57’ W, and dist 104 miles. 

4, A ship from lat 40° 5’ N, sails SW4S till she arrives ‘in® lat 
36° 7’ N, required her distance and épaetinnel? : " 

Answer, dist 307°9 miles, and dep 195°3 rifles Ww. 

5. A ship from Funchal, in Madeira, sails between the south and . 
west, till her diff lat is 114, and her dep 97 miles, required her course, 
distance, and latitude ? 

Answer, course S 40° 24’ W, dist 149°7 miles, and lat 30° 43/ N. 

6. A ship sails from the Cape of Good Hope southeastward till she’ 
arrives in lat 40° 10’ S, having run 700 miles, required her course and» 
departure ? Answer, course S 60° 22’ E, and dep 608°4 miles Ei. 

7. Ifaship sail NN W # W, 123 miles, from lat 18° 2’ N, required 
her departure and latitude arrived at ? 

Answer, lat 19° 47’ N, and dep 63°2 miles W. 

8. If a ship from Halifax sail S E4E till her dep is 128 miles, 
required her latitude and distance ? 

Answer, lat 42° 59’ N, and distance 165'6 tent , 

9. If aship sail from Cape FinisterreS S W 2 W, 234 miles, required 
her latitude and departure ? 

Answer, lat 39° 33’ N, and dep 120°3 miles W. 

10. Ifa ship from lat 50° 16’ N, sail southeastward till her distance 
is 137, and her departure 112 miles, required her eourse and latitude. 
come to? Answer, course S 54° 50! E, and lat 48° 57’ N.. 

11. If a ship sail N W b W 3 W from lat 30° 14’ N till her depar- 
ture is 204 miles, required her fc fel and the distance she has sailed ? 

Answer, distance 231'4 miles, and lat 32° 3’ N. 

12. A ship from lat 12°17’ N sails N E } N 201 miles, required her 
latitude and departure? Answer, lat 14° 46’ N, and dep 135 miles E. 

13. A ship sails from the North Cape, in Lapland, 200 miles, and 
it is then found that she is to the westward of the Cape, and 125 miles. 
south of it, required her course, latitude, and departure ? -_ wes Cy 

Answer, course S 51° 19’ W, lat 69° 5’ N, dep 156° 1. : 

14. A ship from the east point of St. Mary, Azores, sails EN EG E 

till she arrives in the lat of Lisbon, required her distance and departure a 
Answer, dist 358'9, and dep 342°7. 

15. A ship leaving Charleston Light, sails N eastward 128 ae 
and is then by observation found 39 miles north of the light, required 
her course, latitude, and departure ? if 

Answer, lat 33° 22’ N, course N 72° 16’ E, and dep. 193. i 

16. A ship sails from Cape St. Roque NE4N, 7 miles an hour, 
from 3 pM till 10 a M, required her distance, departure, and latitude 
arrived at ? Answer, lat 3° 27'S, dep 84:38, and dist, 133, ” 
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17. A ship from lat 41° 2’N sails NN W 4W, 52 miles per hour 
for 24 days, required her distance, departure, and latitude arrived at ? 
Answer, lat 45° 45’ N, dep 169°7, and dist 330. 
18. Ifa ship sail from lat 48° 27'S, S W bW, 7 miles an hour, in 
what time will she reach the parallel of 50° S ? Answer, 23:914 hours. 
19. If a ship sail from Cape Horn due south 121 miles, and then 
due west 121 miles, required her course and distance, and the latitude 
which she has arrived at ? 
Answer, course S W, dist 171°1, and Jat 58° 0”.S. 
20. If after a ship has sailed from lat 40° 21’ N to lat 46° 18’N, she 
be found 216 miles to the eastward of the port from whence she has 
sailed, required the course she has sailed, and the distance she has 
made ? Answer, course N 31° 11’ E, and dist 417°3 miles. 


TRAVERSE SAILING. 


WueEN a ship is obliged to sail on different courses, the crooked line 
which she describes is called a traverse, and the method of finding a 
single course and distance, which would have brought the ship to the 
same place, is called resolving a traverse. 

A traverse is resolved by finding the difference of latitude and 
departure corresponding to each course and distance, and entering 
them in a table, of which the form will be found in the first of the 
following examples; taking care when the ship steers southward to 
enter the difference of latitude in the column marked S, but in the 
column marked N, when the course is northward. In like manner, 
when the course is easterly or westerly, the departure must be entered 
in the column marked KE, or W, accordingly. 

Thus if the course is SEDbS the difference of Jatitude must be 
entered in the column S, and the departure in the column E; if the 
course is WiN, the difference of latitude must be entered in the 
eolumn N, and the departure in the column W; when the course is 
exactly E, W, N, or S, the whole distance will, of course, be entered 
in the corresponding column, E, W, N, or S. Then the difference 
between the sum of the numbers in the column marked N, and the sum 
of those in the column marked S, will be the whole difference of lati- 
tude, and of the same denomination with the greater sum; and in like 
manner the difference between the sum of the numbers in the columns 
marked E and W will be the whole departure, and of the same deno- 
mination with the greater sum. 

Having then obtained the whole difference of latitude and departure 
which the ship has made, the corresponding course and distance may be 
found either by inspection, or by any other method. 

M 
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EXAMPLE. 


A ship from Cape Clear sails SSELE 16, ESE 23,5 WbW 
LW 36,W2N12,andSEbE+E 41 miles, required the equivalent 
course and distance, and the latitude of the place which the ship has 
arrived at ? 


By ConstTRUCTION. 


Take A for the place sailed from, and draw the vertical line 
NASC to represent the meridian. 
About A, as a centre, with the chord 
of 60°, describe a circle cutting N C 
in N and §; then N and S will repre- 
sent the north and south points of 
the compass. Take 24 points from 
the line of rhumbs, and apply it from 
S to a, join Aa, and on it take A D = 
16, from a line of equal parts. Then — 
D will be the place of the ship at the 
end of the first course. From § set 
off S 6= 6 points from the line of 
rhumbs; join A 6, and through D 
draw DE parallel to A 6, and make 
it equal to 23 from the same scale of 
equal parts that AD was taken from. 
Then E will be the place of the ship 
at the end of the second course. 
Make S c= 53 points, N d 74 peints, 
and Se 54 points taken from the line of rhumbs. Through E draw 
EF parallel to Ac, and make it equal to 36 from the scale of equal 
parts; through F draw FG parallel to Ad, and make it equal to 12 
from the scale of equal parts ; through G draw G B parallel to A e, and 
make it equal to 41 from the scale of equal parts. Draw B C perpen- 
dicular .to the meridian N C, and join AB; then B will be the place of 
the ship, A B her distance from the place which she left, A C her differ- 
ence of latitude, B C her departure, and B A C the course which she has 
made on the whole. Now A B, A C, and B C being measured on the 
scale of equal parts from which the distances were taken, we have 
A B= 62°7, AC = 59°6, and BC = 19°6 miles. And the arc included 
by A B and AC, if measured on the line of wei gives about 18° 
for the measure of the course BAC. | ve 
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TRAVERSE TABLE. 
Tes Ls.) UO 


Diff. Lat. Dep. 
Courses. Dist. N S E Ww 
SSEIE 16 14°5 6°3 
ESE 23 8°8 21+8 
SWbWsiw 36 ATO ae 31°8 
Win | 12 1°8 11°9 
SEbEiE 4] Aline 35°2 
Course. 1°s 61°4 63°3 43°7 
S 18° EF’ | 63 1°8 AZ¢f 
59°6 19°6 
Tyas left. i ass. Bes cee te: sUie @ 51°25’ N 
sp Ha pall ee Pola 
labitan O53 “Reh eer es 50 25 N 


To find the course and distance by calculation. 


Diff lat 59°6 miles.... 1°775246 MRadius............ 10°000000 
Peres 4 iG ues -..10°000000 =: diff lat 59°6 miles.. 1°775246 
::dep 19°6 miles .... 1°292256 ::sec course 18° 12’, .10°022289 

11°292256 11°797535 


: tan course 18° 12’.. 9°517010 : dis 62°74 miles.... 1°797535 


Whence the course is S 18° 12’ E, and the distance 62°74 miles. 
By Inspection. 
Under 18° in Table 2, and adjacent to 59°9 in the da¢ column, 
stands 19°5 in the dep column, and 63 in the column of dist, whence 
the course is nearly 18°, and the distance nearly 63 miles. 


By Gunter’s SCALE. 
_ The extent from 59°6 to 19°6 on the line of numbers will reach 
from 45° on the line of tangents to the course about 184°, and the 
extent from the complement of course to radius on the line of sines will 
reach from the diff lat 59°6 towards the night, to the distance 63, on 
the line of numbers. 


EXAMPLES FOR EXERCISE. 

1. A ship sails from Cape Clear S b W 23, WS W 40, S W 4 W 18, 
W24N28,SbE12,andSS E#E 16 miles, required her course, distance, 
and latitude come to ? : 

Answer, course, S 45° 47’ W, dist 102° 4, and lat 50° 14’ N. 
M 2 
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2. If aship sail from Porto Sancto EN E18, NE%E 40, N +E 13, 
N WW 16, and NEXN 23 miles, required her course, distance, and 
latitude ? 

Answer, course N 34° 30’ E, dist 88°1, and lat 34° 16! N. 

a SSS 41° 12'N sailsS WbW21,SW4S31,WSWSS 
16, SEE 18S, SWiW14, and W4N 30 miles, required her course, 
distance, and latitude arrived at ? 

Answer, course S 52° 49’ W, dist 111°7, and Jat 40° 5 N. 

4. A ship from the equator sails N 48, W 37, N W158, N E70, 
N N E 24, and E 32 miles, required her course, distance, and lati- 
tude in? 

Answer, course N 17° 12’ E, dist 138°6, and lat 2° 12’ N. 

5. If a ship sail from lat 10° 6S, NN E 86, N74, EDN 53, 
NNW43N40, andEN EiN 21 miles, required her course, distance, 
and latitude in? 

Answer, lat in 6° 34'S, course N 23° 25’ EK, and dist 231 miles. 

6. A ship sails from lat 4° 5’N, SS W112, SbE 86, S b W 86, 
S SE 112 miles, required her course, distance, and latitude arrived at ? 

Answer, lat in 2°11’S, course S, dist 375°6 miles, being the same 
as the diff lat. 7 

7. Last noon we were in lat 28° 46’ S, and since then we have sailed 
SW zW 62,5 bW 16, WtS 40, S W 2 W 29, SbE 380, andS 3 E 
14 miles, required the course and distance which we have run, and our | 
present latitude ? | | 

Answer, lat in 30° 41'S, course S 43° 14’ W, and dist 158 miles, 

. Ifa ship sail from lat 51° 12'S, W 68, N 70, N W 120, and 
N tah x N 100 miles, required the equivalent course and distance, and 
the latitude j in? 

Answer, lat in 47° 20'S, course N 42° 58’ W, and dist 3172 miles, 

9. Ifa ship sail from lat 55° 4’N, SE bE 24,SEbS46,SE15S 
31, Eb N 14, and E 4S 13 miles, required her course, distance, and 
latitude in ? 

Answer, lat in 53° 50’ N, course S 51° 7’ E, and dist 118 miles. 

10. If a ship sail from Halifax E18 23, SEb E30, EbN 45, 
and N EiN 25 miles, required her latitude in, and course and distance 
made good? 

Auswer, lat in 44° 54’N, course N 84° 42’E, and dist 107 tasten: 

ll. Yesterday, on lez aving the Lizard, theland bore from us N E 18 
miles, since that time we have sailed WS W 14, S Wb W 26, S Wes 
37, 5 SW W 29, and W 15 miles, required our present latitude, and 
the course and distance which we have made? 

Answer, laiin 48° 31/ N, course S 48° 20’ W, and distance 131 miles. 

12, On leaving the Cape of Good Hope for St. Helena, we took 
our departure from Cape Town bearing SE b $12 miles; after run- 


ON PLYING TO WINDWARD. 165 


ning N W 36, and N W b W 140 miles, required our latitude in, and 
the course and distance which we have made ? 
Answer, lat in 32° 3’S, course N 52° 41’ W, and distance 187 miles, 


ON PLYING TO WINDWARD. 


When the wind blows so near the point towards which a ship is 
bound that she is obliged to steer on different tacks, it becomes a 
question how far she onght to steer on each tack to reach her port, or 
to avoid any danger that may lie in her way. Questions of this kind 
however are very simple; for, with a given wind, the course of a 
ship, close hauled, on either tack, ‘is easily found; and she must steer 
on one of the tacks till the bearing of the place which she wishes to reich 
is the same as the course on the other tack, if she reach the place in two 
boards. When the bearing of the port is given, the angle which the 
course of the ship on either tack makes with that bearing is known ; 
and hence when the distance of the port is also given, the distance 
on each tack will be obtained by the resolution of a plane triangle, of 
which one side (the given distance) and all the angles are given, to 
find the other two sides. This computation may be conveniently 
made by the following rule, which obviously results from what has 
here been said. As the sine of the angle included between the two 
courses is to the given distance, so is the sine of the angle included 
between the bearing of the port and the course on either tack to the dis- 
tance to be sailed on the other tack. Thus if a port bear WN W 20 
miles, and the wind blows from Wb S, and the ship can lie within 6 
points of the wind, then the course which she can make close hauled 
on the Jarboard tack will be N WbWN, and on the starboard tack 
S b W, and she may be steered on either tack that is most convenient 
till the bearing of the port be the same as the course on the other tack. 
The first of these courses makes an angle of 3 points with the bearing 
of the port, the second makes an angle of 9 points, and the angle 
included between the two courses is 12 points. 

Hence sin 12 points ; 20 miles 3: sin 3 points : 15°71 miles, the 
distance to be run on the starboard tack. 

And sin 12 points : 20 miles ¢: sin 9 points : 27°74 miles, the dis- 
tance to be run on the larboard tack. 

It may be observed that whatever number of boards it may be found 
expedient that a ship should make, the swm of the distances on each 
tack will be the same as if the place had been reached on two boards 
only. 
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EXAMPLES FOR EXERCISE. 


1. A ship which can lie within 5 points of the wind is bound to a 
port bearing S4E 18 miles, the wind being at S E; required her 
course and distance on each tack to reach her port, close hauled, in 
two boards ? 

Answer, on the larboard tack Sb W 19°39 miles, and on the star- 
board tack Eb N 5°656 miles. 

2. Wanting in two boards to reach the mouth of a river, which 
bore N W 4 W10 miles, I found my ship could lie within 54 points of 
the wind (then at NN W) on either tack, but that on the larboard 
tack she made 4 point leeway, while on the starboard tack she made 
13 points, required the course and distance on each tack ? 

Answer, on the starboard tack WbS 17:91 miles, and on the 
larboard N E 13°91 miles. 

3. Wishing to go round a point, which bore N N W 15 miles, but 
the wind being at Wb N,I was obliged to ply to windward; I found 
my ship would make way within 6 points of the wind, required the 
course and distance on each tack ? 

Answer, on the larboard tack N b W 17°65, and on the starboard 
SW b S 4:138 miles. 

4. If a ship can lie within 6 points of the wind on the larboard 
but within 53 points on the starboard tack, required her course and 
distance on each tack to reach a port lying S b E22 miles, the wind 
being at SW? 

Answer, on the starboard tack S bE 4 E, 23°66, and on the lar- 
board W N W 2°79 miles. 

5. From a ship, A, the mouth of a river bore NN E, and from 
another, B, itbore N b W, distant from each 18 miles. If each ship 
can lie within 5 points of the wind, and sail with the given wind, 
close hauled, 4 miles an hour, which will reach the harbour sooner, 
and how much, the wind being at N ? 

Answer, A will reach the river about 27 minutes 43 seconds 
before B. 

6. The wind is at WS W, and a ship sailing within 5 points of it 
23 miles per hour, makes on each tack 24 points leeway, in what time 
will she advance 30 miles directly to windward ? 


Auswer, in 5 days 2 hours and 25 minutes. 
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OF SAILING IN CURRENTS. 


Ir a ship at B, sailing in the direction BA, were in a current 
which would carry her from B to C in the same 
time that in still water she would sail from B 


to A, then, by the joint action of the current D C 
and the wind, she would in the same time \ ne \ 
describe the diagonal B D of the parallelogram A BR 


ABCD. For her being carried by the cur- 

rent in a direction parallel to B C would neither alter the force of the 
wind, nor the position of the ship, or the sails, with respect to it; the: 
wind would therefore continue to propel the ship in a direction 
parallel to AB, as if the current had no existence. Hence, as she 
would be swept to the line CD by the independent action of the 
current, in the same time that she reached the line A D by the inde- 
pendent action of the wind on her sails, she would be found at D, the 
_ point of intersection of the lines A D and C D, having moved along 
the diagonal B D. 

Now the log heaved from the ship in the ordinary way can give no 
intimation of a current; for the line withdrawn from the reel is only 
the measure of what the ship sails from the log ; and, consequently, as 
the log itself as well as the ship will move with the current, the distance 
shewn by the log in acurrent is merely what it would have been if the 
ship had been in still water. 

The velocity and direction of a current at sea, or its drift and setting, 
are generally determined by heaving the Jog from a boat; having 
first, by means of a line, sunk a pot loaded with iron, or some heavy 
piece of metal, to a considerable depth, by which means the boat is 
kept nearly stationary, Then the line withdrawn by the log in a 
given time is evidently the measure of the current’s drift in the same 
time ; and the direction in which the current carries the log is the 
direction or setting of the current. 

If the ship sail in the direction of the current the whole effect of 
the current will be to increase the distance ; but if she sail against the 
current, the difference between the rate of sailing given by the log and 
the drift of the current will be the distance which the ship actually 
goes ; and she will move forward if her rate of sailing be greater than 
the drift of the current, but otherwise her motion will be retrograde, or 
she will be carried backwards in the direction of the current. 

Problems relating to the oblique action of a current upon a ship may 
be resolved by the solution of an oblique-angled plane triangle, such as 
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A BD in the above figure, where if A B represent the distance which a 
ship would sail in still water, and A D the drift of the current in the 
same time, BD will be the’actual distance sailed, and ABD the 
change in the course produced by the current. 

A great variety of problems might be proposed relative to currents, 
but the chief ones of any practical importance are the following. 

1.. To determine a ship’s actual course and distance in a current, © 
when her course and distance by the compass and the log, and the set- 
ting and drift of the current are given. | 

2. To find the course to be steered through a known current, the’ 
required course in still water, and the ship’s rate of sailing being ~ 
known. 

3. To find the setting and drift of a current, from a ship’s actual 
place, compared with that deduced from the compass and the log. 

The first of these cases may be conveniently resolved, by considering 
the ship as having performed a traverse, the setting and drift of the 
current being taken as a separate course and distance, and the piers 
by the resolution of an oblique-angled triangle. 


EXAMPLE. 


If a ship sail W 28 miles in a current, which in the same time carries 
her N N W 8S miles, required ker true course and distance ? 


First solution, by direct computation from the oblique-angled triangle: 


Let BA, in the above figure, represent the distance run by the log, 
and A D the drift of the current, then the angle BAD will be 10 
points, and consequently half the sum of the angles A BD and ADB 
will be 3. points. Hence AB + AD (36): AB—AD (0):: 
tan 3 points: tan 20° 22’, half the difference of the angles AD B™ 
and AB D, whence A BD is 13° 23’, which allowed from the west 
towards the north gives the course N 76° 37/W. Andas sin ABD 
(20° 22'):AD (8)::sin BAD (10 points):BD 31:93, the true 


distance. 


Second, by the Traverse Table. 


Diff, Lat. | Dep. 
Course. Dist. 
N | S | E W 
W 28 | 28 
NNW 8 7°39 3°06 
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As°7°39 : rad: : 31°06: tan 76° 37', the course, 
yad ycosec 76° 37’: : 31°06 : 31°93, the distance. 


EXAMPLES FOR EXERCISE, 


1. If a ship sail E 7 miles an hour by the log, in a current setting 
E N E 2°5 miles per hour, required her true course and hourly rate of 
sailing ? Answer, course N 84° 8’ F, and rate 9°358 per hour. 

2. A ship has made by the reckoning N $ W 20 miles, but by 
observation it is found that, owing to a current, she has actually gone 
N N E28 miles, required the setting and drift of the current in the 
time which the ship had been running? 
. Answer, setting N 64° 48’ K, and drift 14:1 miles. 

3, A ship’s course to her port is W N W, and she is running by the 
log 8 miles an hour, but meeting with a current setting W584 miles 
an hour, what course must she steer in the current. that her true course 
may be W N W? . Answer, course N 53° 51! W. 

4. Ina tide running N W b W 3 miles an hour, I wished to weather 
a point of land which bore N E 14 miles, what course must 1 steer so 
as to clear the point, the ship going 7 miles an hour by the log, and 
what time shall I be in reaching the point ? 

Answer, course N 69° 51/ F, and time 2 hours 25 minutes. 

5, From a ship in a current steering WS W 6 miles an hour by the 
log, a rock was seen at 6 in the evening, bearing SWS 20 miles. | 
The ship was lost on the rock at 11 p.m., required the setting and drift 
of the current ? 

Answer, setting S 75° 10’ EK, and drift 3°11 miles per hour, 

6. Ifa ship sail due W 8:5 miles per hour by the log, in a current 
setting S W b W 4 miles per hour, required her true course, and hourly 
rate of sailing ? 

Auswer, course § 79° 21’ W, and rate 12:04 miles per hour. 


PARALLEL SAILING. 


In the preceding problems the earth has been considered as a plane; 
we now proceed to the solution of problems in which it is necessary to 
advert to the spherical form of the earth, which we must do in all 
problems in which longitude is concerned, 

In parallel sailing the distance of two meridians on a given parallel, 
the latitude of that parallel, and the distance of the meridians at the 
equator, or the difference of their longitudes, are the quantities whose 
relations are the object of computation. 

It has already been shewn (page 140), that if the base of a right- 
angled plane triangle represent the distance of two meridians, ona 
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parallel whose latitude is the measure of the acute angle at the base 
of the triangle, the hypothenuse will represent the distance, of the 
meridians at the equator, or the difference of their longitudes. 

Hence by the solution of a right-angled triangle, when any two of 
these quantities are given, the other may readily be found; it may 
however be convenient to recollect the following proportions, viz. 


1M rad : diff long :: cos lat ; mer dist ; 
‘or cos lat : mer dist :: rad : diff long; 
or diff long : rad :: mer dist : cos lat; 


_ 2. cos any lat : mer dist in that lat ¢: cos any other lat ; mer dist in 
that other lat. 


EXAMPLES. 


1. Ifa ship sail from Cape Finisterre west 196 miles, required her 
longitude ? 


By CoNnstTRUCTION. 


Make the angle A = 42° 54’, the latitude of Cape Finisterre, and 
from ascale of equal parts take A B=196, the given C 
meridian distance ; let B C, perpendicular to A B, meet 
A C in C; then A C measured on the scale of equal - 
parts will be found to be 268, the required difference 


of longitude. B Dist A. 


By INSPECTION. 


To the angle A, nearly 43°, in Table 2, and A B, 196, in the lat 
column, corresponds A C, 268, in the dist column. 


By Gunter’s SCALE. 


Extend on the line of sines from 47° 6’, the complement of the lati- 
tude, to radius, 90°, and that extent will reach on the line of numbers 
from 196, the meridian distance, towards the right to 268, the differ- 
ence of longitude. 


By CALCULATION. 


AS FAQS. 4s 5 ibn wes kio ae 00 4 
aa ee ee apa ba eipibce «©» eee ee 
s2"sec’ Z A 42° 54! Ot TO ae lee 


by Ai ROTB: ra aches Hee aiceaaiaiand ea 


Longitude Cape Finisterre.. 9° 16/W 
Git longs oe gs dee Ses et ee 


AOS 30) sige c''aie 610 pic's « 6. pAueL aoe 
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2. If a ship sail EF 126 miles from the North Cape, in Lapland, and 
then due N till she arrives in lat 73° 26’N, how far must she sail W, 
to reach.the meridian of the North Cape? » 


By Construction. 


Make A B = 126 the given distauce sailed from the North Cape, 
and the Z B AC = 71° 10’ the lat of the North 
Cape, and draw BC perpendicular to A B; then 
AC will be the diff long. On AC describe a 
semicircle, and from A draw A D, making the 
angle C A D = 73° 26’, the latitude in which the 
ship sailed W, meeting the semicircular are in D, “ B 
then A D will be the required distance, 111. _ 


c 


By Inspection. 


In Table 2, with the angle C A B, nearly 71°, and A B 126 in the 
lat column, the difflong AC is found = 387 nearly im the dist 
column. ‘Then with C A D nearly 734°, and 387 in the dist column, 
D A the required distance is found = 110 nearly inthe /aé column, 

Note. As the given numbers are too great to be found in their 
respective columns, the half of each number may be sought for, and 
the corresponding result doubled to obtain the required number, 


By GuNTER’s SCALE. 


Extend from 18° 50’, the complement of the latitude of the North 
Cape to 16° 34’, the complement of the other given latitude on the 
line of sines, and that extent will reach in the same direction on the 
line of numbers from 126, the given meridian distance in the latitude 
of the North Cape to 111°3, the corresponding meridian distance in 
the other latitude. 

By Cancunarion. 


merous 8 AC Y7}° 10°... 2, 9°508956 
| 8 ae 2:100371 
-- cos DA C 73° 26’ ..... 9°455044 

11°555415 


; A D required dist 111°3 .. 2'046459 


EXAMPLES FoR EXERCISE. 


1. How far must a ship sail W on the parallel of 60° to change her 
longitude 2° ? Answer, 60 miles. 
2. If a ship sail E from Cape Race 212 miles, required her longi- 
tude ? Answer, 47° 54’ W. 
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3. Two places in lat 50° 12! diff in long 34° 48’, required their 
meridian distance ? Answer, 1336 miles. 
4, If a ship sail from the Naze, in Norway, due W 78 miles, 
required her longitude ? Answer, 4° 36’ E. 
5. How far must a ship sail W from Cape Town that her course to 
James Town, St. Helena, may be due north ? Answer, 1203 miles. 
6. A ship in south latitude sails on a parallel 189 miles, and another 
in north latitude sails on a parallel 230 miles, they have both made the 
same diff long, 267 miles, required their difference of latitude ? 
Answer, 75° 27’, or 4527 miles. 
7. Two ships in the same north latitude, but 126 miles distant from 
each other, sail S 248 miles, and their distance from each other is then 
200 miles, required the latitude left, and the latitude arrived at? 
Answer, lat left 83° 2’ N, and lat arrived at 78° 54’. 
8. The master of a West Indiaman, in long 16° 12’ W, bound for 
Ireland, determines to take the shortest distance to the parallel of 
Cape Clear; when he is arrived in that parallel what will be his distance 
from the Cape? Answer, 251°3 miles. 
9. How far must a ship sail E from Cape Horn, to reach the meri- 
dian of the Cape of Good Hope ? Answer, 2884 miles. 
10. In what latitude will a ship’s diff long be three times the dis- 
tance which she sails upon a parallel ? Auswer, 70° 31° 44% 


MIDDLE LATITUDE AND MERCATOR’S SAILING. 


By Prane SatLtina, as we have seen, we determine the relations 
which connect the nautical distance, difference of latitude, departure, 
and course, and compute one from the others ; and by parallel sailing, 
as we have also seen, the distance sailed on a parallel, the latitude of _ 
the parallel, and the corresponding difference of longitude, may be 


determined from each other. 
Mippie LarirupeE and Mercatror’s SaiLtinc are two different 


methods of determining the relation between a ship’s change of place, 
and her difference of longitude, when she sails on an oblique rhumb. _ 

When the latitudes ‘are both N or both S, half their sum is the 
middle latitude; but when one is north and the other south, half their 
difference is the middle latitude. 

In Mipoyie Latirupe Saitine, the departure computed by plane 
sailing is considered as a meridian distance in the middle latitude, and 
the difference of longitude, on that supposition, is computed as in 
parallel sailing. For, the departure being taken as the base of a 
right-angled plane triangle, and the middle latitude as the acute angle 
adjoining the base, the hypothenuse of the triangle is nearly equal to 
the difference of longitude. 

This method of deducing the difference of longitude is slightly 
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erroneous, because the departure is not strictly equal to the meridian 
distance in the middle parallel ; but it will scarcely produce any material 
error in computing the difference of longitude for.an ordinary day’s 
run; and in any case when the course is nearly east or west, it is 
safer to compute the difference of longitude by this method than by 
Mercator’s, sailing ; for a small mistake in the course by account will, 
under such circumstances, produce an error of much greater importance 
in the difference of longitude computed by Mercator’s sailing, than any 
that can arise from the trifling error in the assumption on which middle 
latitude sailing is founded. 

The following proportions, which have been previously deduced, will 
readily suggest themselves from a consideration of the figure, p- 142: 

cos mid lat : dist::sin course : diff long, 

diff lat ; diff long: {cos mid lat : tan course, 

rad ; diff long::cos mid lat : dep, 

diff lat ; dep::rad : tan course, 

rad : diff lat::sec course : dist, 

rad : dep::cosec course : dist. 
Of the two proportions for the distance the latter is preferable, when 
the course is very large. 

These proportions may be varied so as to find any term that may be 
required, 

In Mercaron’s Satine the difference of longitude i is computed ie 
considering the meridians as parallel lines, and of course all the 
parallels of latitude as equal to the equator. But the elementary parts 
of the meridian are also conceived to be increased in the same proportion 
as their parallels of latitude are; so that the proportion between the 
elementary parts of the meridians and their parallels remains unaltered. 
The increased meridian between the two parallels is called the meridional 
difference of latitude, in contradistinction to the actual distance of the 
parallels, which is called the proper difference of latitude. The 
meridional difference of latitude is obtained by taking the difference of 
the meridional parts corresponding to each latitude from Table 3, when 
the latitudes are of the same name, but their swm, when the latitudes 
are of different names. 

Then, if a triangle be constructed similar to that formed by the 
difference of latitude, departure, and nautical distance, in plane sailing, 
having the side adjacent to the course equal to the meridional difference 
of latitude, the side opposite to the course will be the difference of 
longitude; and the different parts of these triangles may be com- 
puted from each other. (See the second fig., p. 144.) 

It may be useful in practice to recollect the following proportions : 

prop diff lat : dep 3: mer diff lat : diff long, 
mer diff lat : rad ¢: diff long : tan course, 
rad ; prop diff lat ¢; sec course ; distance, 
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_ When the course exceeds 5 points, it is preferable to employ the 
middle latitude method. But when the diff long is very considerable, 
and the diff lat small, the following method of finding the course and 
distance may be employed with advantage, as in all cases it produces 
accurate results. (See page 145.) 

To the middie latitude add the number from the following table, 
and the sum will be the latitude of the parallel in which the meridian 
distance is exactly equal to the departure: call this the true middle 
latitude. 


Then, to find the course, 


diff lat : diff long $3 cos true mid lat : tan course. 


To Jind the distance, 


sin course : cos true mid lat °3 diff long ; distance. 


TaBLE oF CorRECTIONS, TO BE ADDED TO THE Mran Mrppie Latt- 
TUDE TO FIND THE TRUE Mippte Larirupe. 


Difference of Latitude. 


Mid 

Lat.|1°139|5°| 7°] ge | 9° {109111911 2e|13°/149| 15° | 16° | 17° | 18°] 19°} 20° 
o lv lpdody dy bpd oe Lord yp Oe) pala) od Geen 
15 10/2} 4| 9/12! 15}19} 23} 2713113510 4010 45}0 51/0 5811 6}1 14 
18 10|2]4| 8111] 14] 17} 20} 24}27/31/0 36/0 41]0 46/0 5210 58|1 6 
21/0/2/4| 7} 9/12/15 117/20] 24] 28/0 32,0 36/0 41/0 46/0 5110 56 
24|0/2\4! 7] 9/11/14/16/19|23|27/0 31/0 35/0 3910 44/0 4810 53 
30} 0/2/4] 6] 8} 10/13] 15]18} 21} 25/0 28 0 32/0 36|0 4110 45]0 50 
35 |0/2/4] 6] 8/10/13]15}18|21| 24/0 27/0 3110 35/0 40/0 44/0 49 
40 |0}2!41 6! 8}10/13}15}18|22| 25/0 28/0 32/0 36/0 41]0 45]0 50 
45 |0|2}41 7} 9)11}14!16/19/23|27/0 31/0 35/0 39/0 43]0 47] 0 52 
50 |0/2/4| 7! 9/11]14/17/21] 24] 28}0 32/0 36/0 41]0 46/0 5210 58 
55 |0|214] 8} 10/13}16119/ 23) 2613010 35/0 4010 45/0 51]0 57/1 3 
58 |0/2/4| 9111) 14]17/21/25] 29] 33/0 38/0 44/0 50/0 55|1 2/1 8 
60 |0}2|4| 9} 12] 15] 19] 23}27}31)35]0 40/0 46]0°52]0 59/1 6}1 13 
62 [0/215] 912) 16] 20|}24]28|32| 37/0 42/0 49/0 56/1 3}1 10]1 18 
64/0} 2)6] 9/13|17]21/ 25/29/34] 40/0 46/0 53]1 O]1 7/1 14}1 24 
66 |0|2|6 |10|)14| 18|22/26/31}37143/0 50/0 58/1 511 12}1 21/1 31 
68 |0}2| 6/11/15) 19} 24}28/34/40| 48/0 55/1 2/1 10/1 19/1 30/1 39 
70 {0{3|6 {13/17} 21}26!131)38/44/52/1 0Of]1 8}1 17/1 28]1 39/1 50 
72 10/4} 8/14] 19|23}29]35|42/49| 58/1 6/1 16/1 27/1 38/1 50/2 4 
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EXAMPLES. 


1. Required the course and distance from the east point of 
St. Michael’s, Azores, to the Start ? 


Starts... .. +. lat 50° 13’N_ mer parts 3495 long .. 3°38’ W 
St. Michael’s.. lat 37 48 N ........ 2453 long.. 25 13 W 
diff lat = 745 miles 12 25 N merdifflat 1042 difflone 21 35 W 
O98... Pike 60 
Mean mid lat 44 1 miles 1295 


Corr. from table _ 20 
True mid lat 44 21 


By Mippuie Latitupe SAILING. 


Construction of the figure. 


Draw the meridian line AD, and at the point A make an angle 
BAC equal to the complement of the true middle lati- <A 
tude, 45° 39’; from A on A B lay off 1295 miles, the diff 
long; from B let fall the perpendicular BC on AD, 
then BC will be the mer dist in the mid lat, or the de- 
parture. Produce AC until C D be equal to 745 miles, 
the diff lat, and join DB, which will be the distance, 
and the angle D will be the course. 

Hence D B, measured on a line of equal parts, will be 1189 miles, 
and Z D the course N 514° E. | 


C B 


D 


By INspEcTION. 


With the mid lat 441° as a course, and diff long 1295 miles as a 
distance, the dep is found in the lat column to be 930 miles. Then, 
with diff lat 745 miles, and dep 930 miles, in their proper columns, 
the course is N 514° K, and dist 1189 miles. 


By GunrTER’s SCALE. 


Extend from rad to 452°, the comp of true mid lat, on the line of 
sines, that extent will reach from the difflong 1295 miles to the dep 930 
miles on the line of numbers. Extend from this dep to 745 miles, 
the diff lat on the line of numbers, and that extent will reach from 
rad, or 45°, to the course, about 514°, on the line of tangents. 
Extend from rad to the comp of the course, on the line of sines, 
that extent will reach from the diff lat to the dist 1189 on the line of 
numbers, -. 
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af. 


A 

By CaLcuLbarIon: | big ,eslim €8! 

Diff lat 745 ..... yess 2872156 vad ...ss seek esses 10°000000 
SOI ION Leo ts . 0s» 3112270472 lB lat745 .. 234s o | BPR 56 
:: cos true mid lat 44° 21’ 9°854356 ::sec course ....... 10 202850 
12°966626. Dist 1189°.,.... wc» 3075006, 


Course N 51° 11’ E tan 10°094470 


— 


Tue saAaME BY Mercator’s SAILING. 


Construction of the figure. 


Draw the vertical line A D, on which lay off A D 1042 miles, the. 
mer diff lat, at D erect a perpendicular, and on it 4 | a 
take D E 1295 miles, the diff long. From Aon AD x 
lay off AB 745 miles, the proper diff lat, draw BC 
parallel to DE, and join A E, cutting BC in C, then 
AC will be the distance, Z A the course, and BC the a’ 
departure. 70 

AC measured on a line of equal parts will be found 1189 miles,’ 
and Z A measured by the scale of chords will be found about 514°." 
Hence the dist is 1189 miles, and the course N 514° E, 


Cc 


By INspectIon. 


In Table 2, with the mer diff lat 1042 miles in the lat column, and 
the diff long 1295 miles in the dep column, the course is found at the. 
bottom of the page to be between 51° and 52°, or nearly 514°, with. 
this course, and the proper diff lat in the lat column, the dist is found 
to be about 1189 miles, 


By Gunter’s Scar. 


Iixtend from the mer diff lat 1042 miles to the diff long 1295 on the 
line of numbers, that extent will reach from rad to the course 514° on 
the line of tangents. Extend from rad to the comp of the course on. 
the line of sines, and that extent will reach from the proper diff lat 745 
miles (towards the right) to the dist 1189 miles on the line of numbers, 


By CaA.LcuLATION. 


mer diff lat 1042 miles 3°017868 as radius,.....+..-- 10°000000 
PAPAS fe be Sires hd rein + 10°000000 : prop diff lat 745 miles 2°872156 
>: difflong 1295 .... 3°112270  :: see course 51° 11/ . 10°202850 
: tan course N 51° 11'F.10°094402 :; dist 1189". eee cvee ~ 3:075006 


pene Ee een 
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2. A ship sails in the N W quarter 248 miles, till her departure is 
135 miles, and her difflong 3L0. miles, required her course, the latitude 
left, and the latitude come to ? 


By Construction. 


‘Draw the meridian line A D, and at C in that line erect a perpen- 
dicular, on which take BC, equal to the departure 135 
miles. From B, with the diff long 310 miles, cut A D D 
in D3; and from the same point B, with the distance 
248, cut AD in A,andjoin BD, AB. Then BDwill ® : 
represent the diff long, A B the distance, Z A the 
course, A C the diff lat, and Z DBC the mid lat, or ‘A. 
half the sum of the required latitudes. By measuring the 
different parts, we find A C 208 miles, Z A 33°, aud Z DBC 64° 11’. 
Hence the course is N 33° W, and as half the diff lat added to the 
middle lat gives the greater, and subtracted leaves the less latitude, 
the lat left is 62° 27’, and the lat come to 65° 55’. 


By INSPECTION, 


In Table 2. with the dist 24S miles, and the dep 135 miles in their 
own columns, we find the course at the top of the page to be 33°, and 
the diff lat 205 miles; and with the diff long 310 miles in the distance 
column, and the dep. 135 miles in the lat column, the mid lat is found 
at the bottom of the table as a course, nearly 64°. Hence the lati- 
tudes are found as above. 

By GunteEr’s SCALE. 


Extend from the dist 245 miles’to the dep 135 miles, on the line of 
numbers that extent will reach from rad to the course 33° on the line 
of sines. Extend from the diff long 310 miles to the dep 135 miles, 
on the line of numbers, that extent will reach from rad to the comp of 
64° 11’, the mid lat on the line of sines. Extend from rad to the 
comp of the course on the line of sines, that extent will reach from the 
distance to the diff lat, 208 miles, on the line of numbers. 


By CaLcuarTion. 
dist 248'miles.......  2°394452 rad ..... ee ety ee 10°000000 
Sra, Pe) POPS PS 1OOV0000® | dep fe FU. FU BO 2180884" 
:: dep 135 miles .... 2°130334 :: cot course........ 10°187759 


: sin course 32° 59’... 9°735882 Diff lat 208 miles... 2318093 


—— 


As diff long 310 miles ..... 2°491362 
OS a eee oeeseee, L0.000000 
: :dep 135 miles..... weeee 9 2130334 


: cos mid lat 64° 11’ ......., 9°638972 


oe ee 


N 
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64° 11! mid lat 60)208 miles diff lat 
1 44 half diff lat 9)3° 28/ 
62 27 N lat left 1 44 half diff lat. 


65°55 N Jat in Sad 


Note. The preceding erample cannot be solved by Mercator’s sailing. 


3. Ifa ship sail from Cape Finisterre, lat 42° 54‘N, SE+&, till 
her diff of longitude is 134 miles, required her distance and latitude in ? 


By Construction. 


Draw the meridian line A D, and at D erect the perpendicular, D E, 
and make it equal to 134 miles, the diff long. Make the angle A ED 
equal to 3% points the complement of the course, and let EA meet 
A Din A, then A D measured on the scale of equal parts from which 
D E was taken, will be found about 121 miles, the ry 
mer diff lat. Now AD subtracted from the mer 
parts of the latitude of Cape Finisterre will leave 


2734, the mer parts of 41° 25’, the latitude arrived at. zp C 
Hence the proper diff lat is 89 miles. Make AB 
equal to 89 miles, and draw BC parallel to DE, then D E 


AC will be the distance, and equal to about 132 miles. 


By Inspection. 


Enter Table 1. with the course 44 points at the bottom of the table, 
and the diff long 134 miles, in the dep column, and corresponding to 
it in the lat column will be found 121°5, the mer diff lat. Find the lat 
in and diff lat as above, and enter the table with the course, and corre- 
sponding to 89 in the lat column will be found the dist, about 132°5 


miles in its own column. 


By GuNTER’s SCALE. 


Extend from rad to the complement of the course 3 points on the 
line of tan rum, that extent will reach from the diff long 134 miles on 
the line of numbers towards the left, to the mer diff lat 121 miles. 
Extend from rad to the complement of the course on the line of sines, 
and that extent will reach towards the right from 89 miles, the diff lat, 
to 131°5 miles, the distance. 


By Ca .cuLatTIion. 


TAUIIIG co bee ss Coes seta seis oe Pee 
: diff long 134 miles ....... 2°127105 
:: cot course 44 points...... 9:957295 


: mer diff lat 121°5 miles.... 2°084400 
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Latitude Cape Finisterre 42° 54’ N mer parts ... 2855 
mer difFlat ., 1218S 


METS TS. os ye Ae oe MI eReiS (<3; 2734 
rn 1 29 = 89 miles. ee 
ON UE ae .- 10°:000000 


: proper diff lat 89 miles .... 1°949390 
:: sec of course 47 points ... 10°172916 


atstata2’o miles... 0... ee 2°122306 


Note. The preceding example cannot be solved by middle latitude 
sailing. 


EXAMPLES FOR EXERCISE. 


1. If a ship sail from Lisbon WS W4W 168 miles, required her 


latitude and longitude ? Answer, lat 37° 54’ N, long 12° 33’ W. 
2. Ifa ship sail from Cape Race SSE? E 216 miles, required her 
latitude and longitude ? Answer, 43° 35’ N, and long 50° 26’ W. 


3. Required the course and distance from lat 41° 46’ 8, long 
10° 34’ E, to Rio Janeiro ? 
Answer, course N 67° 17’ W, dist 2933 miles. 
4, A ship from the lat 40° 12' N, long 18° 3’ W, is bound for Eng- 
Jand; after sailing NE bN 3 N 248 miles, required her course and 
distance to the Lizard? Answer, course N 48° 49’ E, dist 557 miles. 
5. If aship sail from lat 40° 5’ N, long 28° 14’ W, EN EGE till 
her difference of longitude is 320 miles, required her distance, latitude, 
and departure ? 
Answer, lat 41° 18’ N, dist 251°5 miles, and dep 240°6 miles. 
6. Aship from Cape Horn sails in the south-west quarter, till she 
arrives in lat 60° 10’ S, having made 218 miles difference of longitude, 
required her course and distance ? 
Answer, course S 24° 34’ W, dist 277 miles. 
7. A ship from the Cape of Good Hope sails N Wb W till she 
arrives in lat 30° 4’ S, required her course and distance to St. Helena ? 
Answer, course N 47° 5’ W, and dist 1247 miles. 
8. Required the course and distance from lat 53° 18’ N, long 0° 55’ E 
to the Naze? Answer, course N 36° 31’ EK, and dist 348 miles. 
9. If a ship leave Cape Clear, bearing NEN 16 miles, and sail 
SW#S8S 150 miles, required her course and distance to St. Mary’s, 
Azores ? Answer, course 8 37° 57’ W, and dist 931 miles. 
10. A ship bound for Cork was met at sea by another, which had 
sailed from Cape Ortegal, NWbWN i86 miles, required the ship’s 
course and distance to Cork harbour ? 
Answer, course N 13° 18’ E, and dist 338 miles, 
N 2 
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11. A ship from lat 40° 41’ N, long 16° 37’ W, sails in the N E 
quarter till she arrives in lat 43° 57’ N, and has. made 248, miles de- 
parture, required her course, distance, and longitude in? 2 40 

Answer, course N 51° 41’ E, dist 316 miles, and long in Le W. 

12. How far must a ship sail NEE from lat 44° 12’ N, lone 

23° W, to reach the parallel of 47° N, and what, from that point, will 
be the bearing and distance of Ushant? 


Answer, she must sail 265 miles, and her course and diskante to. 
Ushant will then be N 80° 32’ E, 535 miles. 


TO FIND THE DIFFERENCE OF LONGITUDE MADE 
ON A COMPOUND COURSE. 


Form a traverse table, and find the diff of latitude and departure, lati- 
tude arrived at, and course made good, as in traverse sailing. ‘Take 
the middle latitude between the latitude left and the lat arrived at, and 
the meridional diff lat between the same two latitudes: then with the 
departure made by the traverse table, and the middle latitude, find the 
diff long by middle latitude sailing; or with the course made good by 
the traverse table, and the Mendiqne diff of latitude, find the diff long 
by Mercator’s sailing, and it will always be of the same name with the 
departure. 

The above method will generally determine the diff lone with suffi- 
cient exactness in such traverses as can be made in the course of a 
day ; but, in strictness, the diff long ought to be computed for every 
separate course; and, when the traverse is performed in a high lati- 
tude, it may often be expedient to do so. 

This may easily be done by finding the successive latitudes made at 
the end of every course, the middle latitude between that at the begin- 
ning and that at the end of each course, and the meridional diff lat 
between each pair of successive latitudes. Then, with the middle lat 
for each separate course, and the departure made on the same course, 
the diff long made on that course may be found by middle latitude 
sailing ; or with each separate course, and the meridional diff lat made 
on it, the diff long may be found by Mereator’s sailing. 

If, then, the several diff longitudes thus found be entered in two 
columns, marked E and W, according as the course has been easterly 
or westerly, the difference between the sum of the numbers in these 
columns will be the whole difference of longitude made on the tra- 
verse, and of the same denomination with the greater sum, 9 

Note 1. When the course is N or S no diff long will be made; ‘and 
when it is due E or W the diff long must be found by parallel sailing. 

Note 2. In practice, the diff long may in general be determined with 
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sufficient exactness by inspection, and the middle latitude method may 
be used’in preference to Mercator’s, when the course exceeds 5 points, 
or 56°. 


EXAMPLE. 
A ship in lat 66° 14’ N, long 3° 12’E, is bound for Archangel; after 


sailing NN EF? £46,N E3} £28,N$W52,NEbE2? E57,and ESE 
24 miles, required her course and distance to the North Cape ? 


TRAVERSE TABLE. 


Diff Lat. Dep. 
Courses. Dist. 
N S KE | Ww 
NEbE+E| 57 | 29°3 48°9 
Course. 139°1 9:2 1}4°4 1 +6 | 
N39°1E | 168} 9:2 |7 ia peti eae 
129°9 106°8 | 


Lat left 66°14’N Mer parts 5358 Long left 3°12’ E 


difflat 210N difflong 4 39 E 
latin 68 24 N RE eh 5695 4 longyin 4 51 
2)134 38 mer diff lat 337 


mid lat 67 19 


With the diff lat 129°9, and departure 106°8, the course is found in 
Table 2. to be about 394°, and the distance 165 miles. With this 
course, and mer diff Jat 337 in the latitude column, the difflong is found 
in the departure column to be about 278 miles. 

Or with the middie lat 67° 19’ as a course, and the departure 106°8 
in the lat column, the diff long is found in the distance column to. be 
nearly 279 miles. 

Lo find the diff long made on each course separately by middle 
Jatitude, sailing. 
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Successive Lat. Mid Lat. Departure. Diff Long. 


Lat left 66° 14/ SW. 
at the end Ist Course. 66 55 66° 34’ 91:7 E 54°6 

2d 67 13 67 4 21--6-E, 54°4 

3d 68 04 67 38 7-6 W 20°0 

4th 68 33 68 18 48°9 (EX 132°3 

5th 68 24 68 28 22°82 60°5 

Dong leit: saeegs ie 301°8 

diflong ...... 4 43 E 20°0 

long in .e eee hieagalee wh 281°8 


With each middle latitude, and the corresponding departure extracted 
from the previously given traverse table, the diff long is found and 
entered in the column which is of the same name with the departure, 
and the difference between the change of long made towards the east, 
and that made towards the west is 281°8; the whole diff long made on 
the traverse, differing about 4 miles from that found from the diff lat 
and departure made on the whole traverse. 

To find the diff long made on each course separately by THEPERND S 

sailing. 


Courses. Successive Lat. Mer Parts. Mer Diff Lat. Diff Long. 
66° 14’ 5358 E W 

NNELE 66 55 5461 103 551 
NELE 67. 13 5507 46 56: 1 
Niw 68 4 5642 135 20 
NEbDEiE 68 33 5720 13 130°1 
ESE 68 24 5695 29 60°4 

Long left..... 3° 12/E 301°7 

difflong ..... 4 42 E 20 

lOHG Ane «oh ea i DAs 281°7 


With each course, and the mer diff lat made on that course, the diff 
long is found and entered in the columns, marked E or W, according 
as the course has been easterly or westerly, and the difference between 
the sum of the numbers in the E and W columns is 281°7, the yiewele + 
almost identical with that found by middle latitude sailing. 

Hence the lat in is 68° 24’, and the longitude vsinpited from the 
result of the whole traverse is 7° 51’; but by computing me diff long 
for each course separately, the long is 7° 54’ East. : obw 
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'To find the course and distance from the ship to the North Cape. 
Ship’s place lat 68° 24’N Mer parts 5695 


N Cape...... 71 10 N 


6177 


Long 7° 54’ E 


26 


1 


Difflat166 = 2 46N Merdifflat 482 Difflong18 7—= 1087. 


————EE 


2)139 34 


Mean mid lat. 69 47 
Cor. (tab. p. 174) 3 


es 


True mid lat. 69 50 


———s 


—— 


nt 


By CaLcuLATION. 


By Middle Latitude Sailing. 


800 MEU 2°220108 
: difflong.. 1087.. 3°036230 
:: cos mid lat 69° 50’. 9°537507 


i eee 


12°573737 


. 10°353629 


Course 66° 6/ tan 


By Mercator’s Sailing. 


Mer diff lat 482 .... 2°683047 


Pe aa. 10:000000 
: : difflong 1087.... 


a 


: tan course 66° 5’. . 10°353183 


ee 


3:036230 :: 


>: diff long .. 


: dist 409°9 


radius 


oo eaeeee 8 9 


Pili tat LOGs cu. O48 09 


: dist 409°5 


sec course 66° 5!’ .. 


oe eeeeeeeg 


9961067 
9°537507 
3°036230 


12°573737 


— eee 


2°612670 


ee 


10°000000 


2:220108 
10°391823 


a 


2°612216 


——— 


—— 


Hence the course to the North Cape is about N 66° E, 410 miles. 


EXAMPLES FoR EXERCISE. 


1. If aship sail from the Naze, WN W 24, NWSW 16,SSW 31, 
SZE 12 andSW ¢S 20 miles, required her latitude and longitude ? 

Answer, course 8 57° 5! W, lat 57° 20’ N, and long 5° 15’ KE. 

2. If a ship sail from Funchal S 59, W 46, SW4W 15, and 

S1i.W 24 miles, required her latitude and longitude ? 

Answer, course S$ 32° 27’ W, dist 109°6 miles, lat 31° 5’ N, and lone 


1S, 


3. If a ship sail from the Cape of Good Hope N W 25, N 4 W 21, 
NNE VE 35, NWiW 40, and NbE 18 miles, required her lati- 


tude and longitude? 


Answer, lat 32° 32’ S, and long 17° 52’ E. 
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4. Ifa ship sail from Fort Royal, in the Island of Grenada; for 
Kingston, in Jamaica, N W 46, NNW ¢W 50, N Wb W270,and 
WtN 21 miles, required her latitude and. longitude, and: distance 
from her destination ? . 

‘Answer, lat 13° 59’ N, long 64° 9’ W, course N 71° 38’ WW; and dist 
765°5 miles. 

5. A ship from Toulon sails SS W 48, S bE 34, 8S W+1W 26, and 
E 17 miles, required her course and distance to Port Mahon ? 

Answer, lat in 41° 32’ N, long 5° 37’ E, course S 30° 38’ W, and 
dist 116°2 miles. 

6. If a ship sail from the Butt of Lewis WS W 26, SW W 42, 
SSW 13, WbN 29, W 12, S$ E18,SE48 10, and WbS 15 miles, 
required her latitude and Jongitude, and course and distance to the 
Peak of Pico ? 

Answer, lat 57° 18’ N, long 9° 33’ W, course S 33° 52’ W, dist 
1349 miles. : 

7. If a ship take her departure from Cape Race, bearing N W 1s 
miles, and sail SE 32,SEHiS 16,S EbE 34, E2N 40, and E16 
miles, required her place, and the bearing and distance of Coryo, one 
of the Western Islands ? oes 

Answer, lat 45° 39’ N, long 49° 56’ W, course S 66° 44’ K, dist 
906 miles. 

8. If a ship sail from Cape Farewell, in Greenland, for ait. 
E 86, EbS 120, and S 39 miles, required her course and distance to 
her destined port? 

Answer, lat in 58° 43’ N, long 41° 12! W, course S 49° 37’ E, au! 
dist 1627 miles. 

9. A ship is by observation in lat 24° 14’ N, long 48° 20! W, and 
sails WS W. 24,5 W 4W 90, S53 W 24, and W by N 41 miles, 
required her course and distance to ate ua ? 

Answer, lat in 22° 55’ N, long 50° 50’ W, course to port. S 60° 39’ W, 
and dist 716 miles. 

10. If a ship from Heligoland sail N WbN 26, N.W $N. 34, 
NbE 12, W4S 42, and N.N E 38 miles, renived her place, and 
course and sishanee to Aberdeen ? 

Answer, Jat in 55° 44’ N, long 6° 9! E, course to port N 72° BV W, 
fh ii 288:1. miles. 

_ If a ship from.Cape Horn sail SE4S8S 46, SEb E 72, E SE 
a er $W. 5l,and SS Wf W 61 miles, dba her course and dis- 
tance to Cape Smith, New Shela finding the difference of longitude 
upon each course ? 

Answer, lat. in 59° 32’ S, long 63° 14’ W, course S 3° 52/ Ww, and 
dist 200°5 miles. 

12. A ship from lat 6° 28’ N, long 63° 27’ EB, bound for Bombay, 
sails NN E16, NW 43, NEN 70, NEbN 43,andNbE@E 
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‘14 miles, required her latitude and longitude, the course to be steered, 
and the distance’to be sailed to arrive at her port ? 

Answer, lat 9° 6’ N, long 64° 45’ E, course to port N 39° 2’ E, 
and dist 756 miles. 

»13:-By/observation, a ship is found to be in lat 41° 50’ S, lone 
6S° 14’E; she sails N E 140, andE 3} S 73 miles, required her place, 
and course and distance to the Island of St. Paul ? 

Answer, lat 40° 18’ S, long 72° 2’ K, course N 68° 31’ E, and dist 
-262:0 miles, 


ON CHARTS. 


“A cuart is a representation of the whole or part of the surface of the 

globe, exhibiting particularly every thing calculated to facilitate the 
‘business of navigation. ‘There are two kinds of charts in use among 
seamen, the plane chart and the Mercator’s chart. In plane charts, 
in which it is attempted to exhibit the latitudes and longitudes of 
places, the meridians are drawn parallel to each other, the degrees of 
the parallels of latitude, as well as those of the meridians, being repre- 
sented as equal to the degrees of the equator. The longitudes and 
‘relative positions of different places must therefore on such charts be 
exhibited very erroneously; and, in fact, charts of this. kind can 
“scarcely be considered as of any practical utility. 

But abstracting from the consideration of latitude and longitude, 
there will be no material error in representing a small portion of the 
earth’s surface as if it were actually a plane; and coasting charts are 
generally constructed on that supposition. In plane coasting charts 
neither latitude nor longitude is considered, and places are repre- 
sented according to their relative distances and angular positions ; and 
as these charts in general comprehend but a small extent of coast, they 
can be drawn on a large scale, and, in consequence, many things can 
be inserted in them which it is impracticable to mntroduce in a more 
general chart. 

- Plane charts, which show in an approximate way the latitudes and 
longitudes, bearings and distances, of places comprehended within 
“small portions of the earth’s surface, may be constructed thus :— 

Draw a line at the bottom of the paper to represent the parallel at 
which itis proposed the chart should begin, erect a perpendicular by 
the side of the page, and set off upon it as many degrees of latitude as 
it is intended the chart should extend to, and of such a magnitude as 
may be thought proper, subdividing the degrees into such smaller por- 
tions as the size will admit; aud at convenient intervals draw lines 
parallel to the bottom one to represent the parallels of latitude. ‘Then 
to determine the proper length of a degree on the parallels, take the 
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latitude of the middle parallel on the chart as a course, in Table 2, and 
corresponding to 60 in the distance column, will be found the length of 
a degree on the parallel, in the latitude column ; which being taken from 
the previously divided meridian, and laid off on the bottom parallel, will 
divide it into degrees of longitude nearly. From such points of the divided 
parallel as may be thought proper (say at every degree) meridians may be 
drawn parallel to the divided one, and the degrees of longitude which the 
chart is intended to embrace may be marked on the parallels at the 
bottom and top of the page ; and the degrees of latitude on each side of 
the middle latitude, used in computing the degrees of the parallel, may 
be marked at their proper places. Then, a compass being drawn in 
any convenient situation on the chart, and the different places included 
in it marked according to their latitudes and longitudes, the coasts, 
&c. may be traced out and shaded, and the chart will be completed. 

Such charts are of limited use to seamen, however, when compared 
with the Mercator’s chart, the construction of which may be thus 
explained. 

Having drawn at the bottom of the paper a line to represent the 
lowest parallel on the chart, and divided and subdivided it as may be 
thought convenient for degrees, &c., of longitude, let this line be con- 
sidered as a general line of measures; and draw perpendiculars at the 
extremities of it to represent the extreme meridians. ‘Then to obtain 
the proper length of the degrees in the different parts of the meridian 
proceed as follows. 

Take from Table 3, the meridional parts for the latitude at which it 
is proposed the chart should commence, and also for each successive 
degree of latitude intended to be contained in it. ‘Then find the meri- 
dional difference of latitude between the latitude of the lowest parallel, 
and every other one intended to be contained in the chart, and dividing 
them by 60, for degrees, &c., take the quotients from the bottom line, or 
the line of measures, and apply them from the bottom on the extreme 
meridians, and the degrees of latitude will thus be determined; and 
they may be farther subdivided in a manner similar to the degrees of 
longitude. ‘The meridians and parallels of latitude being then drawn 
at such intervals as may be judged convenient, the situation of every 
remarkable place, rock, island, shoal, &c., comprised within the space 
represented by the chart, may be laid down from its known latitude and 
longitude; and a compass (or more than one, if the chart be large) 
being inserted in any convenient situation, to determine the relative 
bearings of the different points on the chart, the coasts, sands, rocks, 
&c., may be drawn and shaded, and the chart will be completed. 
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USE OF MERCATOR’S CHART. 


To find the latitude and longitude of any place on the Chart. 


Take the perpendicular distance of the given place from any conve- 
nient parallel, and from the point where that parallel cuts the eradu- 
ated meridian, apply the distance upon the meridian in the same direc- 
tion that the place lies with respect to the parallel, and the point to 
which the distance reaches will be the latitude of the place. 

In the same way, if the perpendicular distance of a place from any 
meridian be taken and applied from the place where that meridian cuts 
the divided parallel, the longitude of the place will be determined. 


From the latitude and longitude of a place to find its situation on the 
Chart. 


Lay the edge of a scale over the parallel of the given latitude; mea- 
sure ol one of the graduated parallels the distance of any convenient 
meridian from the given longitude, and apply this distance alone the 
edge of the scale from the place where the meridian measured from 
cuts the scale, in the same direction that the longitude lies from the 
meridian ; and the point to which the distance reaches will be the re- 
quired situation of the place. 


To find the course between two places on the Charé. 


Lay the edze of a scale over both the places, and applying a 
parallel ruler to the edge of it, move the two parts of the ruler in suc- 
cession till the edge of one of them passes through the centre of a com- 
pass, and that edge will, on the compass, indicate the course. 

Or draw a line in pencil along the edge of the scale, cutting any 
meridian, and the angle included between the line and the meridian 
will be the course. 

Or, lastly, having laid the scale over the places as before, place one 
foot of a pair of compasses in the centre of any convenient compass on 
the chart, and with the other take the nearest distance to the edge of 
the scale. Then carry both points of the compasses forward, keeping 
one of them by the edge of the scale, and the imaginary line which 
joins them perpendicular to the edge; and tbe line which the other 
point describes from the centre of the compass will indicate the course. 


To find the distance between two places on the Chart. 


Ifthe places are in the same longitude, find the latitude of each, and 
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if their latitudes are of the same denomination, take their anaes 
otherwise, their swm for the distance of the places. jeniie 

If they are in the same latitude, or the same parallel, take half Hike 
distance, and apply it on the graduated meridian on both sides of the 
parallel on which the places are situated, and the degrees of the meri- 
dian intercepted between the two points to which the distance reaches 
will be the distance of the two places, nearly. 

But if the places differ both in latitude and longitude, lay a scale 
over them both, and taking half their distance, apply it both upwards 
and downwards on the graduated meridian from the middle parallel 
between the two places, and the degrees of the meridian intercepted 
between the points to which the distance reaches will be the distance 
of the places nearly. 

If half the distance be too great to be conveniently measured at once, 
one-fourth, or one-eighth of it may be taken, and applied upwards and 
downwards from the middle parallel as before, and the intercepted 
degrees of the meridian will be one-half, or one-fourth of the required. 
distance nearly. 

The distance may be found by the following method, which is exact 
in principle, and is in fact only an abridged solution of the anestion by 
construction, on the principles of Mercator’s sailing. 

Find the diff lat between the two places, and take it in the com- 
passes from the graduated parallel. Then having laid a scale over 
the two places, slide one foot of the compasses along its edge till the 
other, in sweeping, just touches a parallel of latitude; and the distance 
from the point where that parallel cuts the scale to the point of the 
compasses by the edge of the scale, applied to the graduated parallel, 
will shew the distance of the two places. But this method should not 
be used when the course is very large. 


From the course and the distance which a ship has run from a known 
place, to determine her situation on the Chart. 


Lay the edge of a scale over the given place in the direction of the 
ship’s course, and take the distance, reduced to degrees, &c., from that 
part of the graduated meridian opposite the place on which the ship 
has been sailing, and this distance, applied from the given place along 
the edge of the scale, will determine the situation of the ship. 

The method of using a plane chart, on which the latitude and longi- 
tude are marked, is the same as the method of using a Mercator’s one; 
except that the distance between places is in all cases determined by 
applying their distance on the chart to the graduated meridian, 

But in. coasting charts, where latitude and longitude are. not. in. 
general noticed, the distances of places are ‘measured on. a- scale 
adapted to the chart, and inserted in some part of it; and the mag- 
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netic bearings and courses between places are determined by their 
situations with respect to the points of a compass drawn also in some 
convenient part of the chart, and adapted to the magnetic, not the true 
meridian. 


ON A SEA JOURNAL. 


A soURNAL is a register of occurrences that take place on board a ship, 
either in harbour or during a voyage, and it ought to contain a parti- 
cular detail of everything relative to the navigation of the ship, as the 
courses, winds, currents, &c., that her situation may be known at any 
instant at which it may be required. 

On commencing a voyage, the true course to the first place which is 
expected to be seen is either taken from a chart or computed; and 
thence, from the variation, the compass or steering course is found ; 
and the ship is kept as near that course as the wind and other circum- 
stances will admit. When the ship leaves the land, the bearing of 
some known place is taken by the compass, and its distance is in 
general estimated by the eye, which seamen soon acquire considerable 
skill in doing. This is called taking the departure. But the distance 
may be otherwise determined by taking the bearing of an object at two 
different times, carefully noting the course and distance run in the 
interval. For the sine of the change in the object’s bearing, is to the 
distance run by the ship in the interval, as the sine of the angle 
included between the ship’s course, and the bearing of the object at the 
first observation, is to its distance at the second abservation. 

But whether the distance of the place from which the departure is 
taken, is estimated or computed, the opposite point to that on which it 
bears is considered as the first course, and its distance as the first dis- 
tance sailed from the place; and the other courses and distances made 
during the day, being determined by the compass and the log, they are 
severally written in chalk, on a painted black board, called the log- 
board, of which the general form will be found below; and afterwards 
copied into a book, similarly ruled, called the log-book. ‘The courses 
are either corrected for leeway before they are put down on the log- 
board, or the leeway is marked in the proper column opposite the 
course to which it belongs. The setting and drift of currents, and the 
estimated effect of the swell of the sea, are also inserted in the column 
of remarks; and this column, besides, must contain an account of every 
occurrence deemed of importance. 

Then the several courses in the log-book being corrected, as in the 
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preceding problems, for leeway and variation, and the distances on 
each course summed up and entered in a traverse table, care being 
taken to introduce the effect. of currents and the swell of the sea; when 
any exist, as separate courses and distances, the latitude and longitude 
arrived at are determined by the methods which have already been 
explained, under the different heads of Practical Navigation; but in 
general the whole of the computations may be performed with suffi- 
cient exactness by zmspection. 

The computation of the ship’s place from the reckoning is always 
made at noon, and the operation is called working a day’s work. An 
abstract of the result is inserted in the log-book, containing the true 
course and distance which the ship on the whole has made during the 
day; the latitude and longitude as deduced from the reckoning, with 
those also which are obtained from observations; and the bearing and 
distance of the port, or of the nearest land that lies in the ship’s way. 

When the variation of the compass is given in degrees, it will be 
found convenient first to correct the courses in the traverse table for 
leeway only, and, with these courses and distances, to find the differ- 
ence of latitude and departure, and thence the compass course and the 
distance made during the day. This resulting course being then cor- 
rected for variation, with it and the distance already found, the true 
difference of latitude and departure may be readily obtained; and the 
calculation for the difference of longitude may then be made in the 
usual manner. 

In hard-blowing weather, with a contrary wind and a high sea, it is 
impossible to gain any advantage by sailing, and the object is then to 
avoid, as much as possible, being driven back. To effect this object, 
it is usual to lie-to under no more sail than is necessary to prevent the 
violent rolling which the ship would otherwise acquire. The tiller 
being put over to leeward brings the ship’s head round towards the 
wind, which then having little power on her sails, she loses her way 
through the water, and the directive power of the rudder consequently 
ceases; her head falls off from the wind, the sail which she has set 
fills again, and gives her fresh way through the water, which acting on 
the rudder brings her head about to the wind, and she thus comes up 
and falls off alternately. In such cases the middle point between 
those on which she comes up and falls off is taken as her apparent 
course, and the leeway and variation being allowed from that point, 
the result is entered as a course in the traverse table, with the esti- 
mated drift of the ship through the water as a distance. 

But notwithstanding all the care that can be taken in keeping a sea 
reckoning, the place of the ship as deduced from it must always be 
considered as only approximately determined. It is often extremely 
difficult to arrive at any considerable certainty respecting the precise 
course and distance which a ship has actually made. Different rates 
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of sailing between the times of heaving the log, want of care in 
steering, and sometimes also the great difficulty in steering steadily ; 
sudden squalls, incorrect allowances for leeway and variation, and 
many other circumstances, conspire to render the ship’s place, as 
deduced from the common reckoning, very uncertain. No oppor- 
tunity ought therefore to be lost to determine her place by celestial 
observations ; and the sea-reckoning should chiefly be considered as a 
means of estimating her situation nearly in her interval between such 
observations. 

The log is dated according to the civil reckoning of time, and the 
place of the ship therefore, computed at noon, is for the middle of the 
civil day; the courses and distances in the afternoon or p.m. of the 
preceding day, being connected with those made in the morning, or 
A.M. of the current day, in computing the change of her place from 
the last noon. 

When the place of the ship has been determined by observation, her 
place by the reckoning ought to be disregarded, and the future rec- 
koning should be carried forward from her place found by observation, 
till other observations give a new point of reference. But some 
mariners keep a separate account of the ship’s place, by the reckoning 
and by observation, during the whole voyage; which, as they con- 
ceive, enables them to judge of the total effect of currents and other 
generally operating causes of error on the reckoning. 

The explanatory remarks on the method of working the first two 
days’ works in the following journal, will enable the student to under- 
stand how to proceed in any case. The results only of the last four 
days’ works are given, the computations being left as an exercise. 

A more extended journal might have been given, but the author has 
found it more advantageous, in teaching this branch of navigation, to 
propose to the student, after he has acquired a knowledge of the 
method of working a day’s work, to undertake the fancied charge of 
the navigation of a ship on a proposed voyage; the teacher giving the 
winds, and the student, under his direction, finding what in the given 
circumstances will be the most advantageous courses to steer. Then 
such distances, leeway, &c., being given, as the teacher with a due 
reeard to the wind, &c., judges proper, the student proceeds to make 
the proper corrections on the different courses, and to determine, as in 
actual sea practice, the situation of the ship. 

When observations are obtained for the latitude only, and the latitude 
by observation differs from that by account, some persons apply a 
conjectural correction to the difference of longitude for the error in the 
reckoning, which the observed latitude indicates. Such corrections 
however ought never to be applied, unless the real cause of the mis- 
take should be discovered; but the longitude as well as the latitude 
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should be carried forward by the reckoning from the last observation, 
till another can be obtained. 

The occurrences of the afternoon or P.M. are written on the lower 
half of each page, and those of the forenoon or a.m on the upper half 
of the following page. Each page therefore shows what has been done 
during the civil day, and the result of the day’s work in the middle of 
the page between a.m. and p.m. shows the situation, &c., of the ship 
at noon. 


Extract from a Journal of a Voyage from St. Michael's towards 
England. 


Courses, | Winds. ah Remargs, Sunday, Sept. llth, 1831. 


P.M. 


Moderate and clear weather. Under 
1 Ww courses, single reefed topsails, fore top 


eae sails. jib, spanker and larboard 
studding sails. 


bo 


At 3 P.M. the eastern endof St. Mi- 
Jensers which is in lat 37° 48’ N, long 
3 NNW 25° 13’ W, bore WSW, dist about 6 
[leagues from which I take my depar- 
ture. In studding sails, 


4 |}5]8 JEN ERE Ditto weather. 
Fresh breezes and cloudy weather. In 
Barta a N dap gallant sails, 
6.|.5|4 Ditto weather. 
A hig | Se oe 1 | f  Insecond reef topsails hauled down 
: ee ee {the jib, and set fore topmast staysail. 
Strong breezes and hazy weather ; 
eas | spines up the spanker and set the mizen 
staysail. 
9 1/3/10] EbS |INEbN 2 
10 |3/0 { Tn third reef topsail, and set the try- 
sail, 
11 | 218 
mid-| 9 |, | 


6 | | Ditto weather. 


JOURNAL. 


Lee- 


Winds, way. 


. | Courses. 


Fresh gales and hazy weather. Close 
N E. | 34 | ¢veefed the topsails sa heavy swell from } 
the NN E; estimated drift 18 miles. 
3 More moderate. 
Out fourth reef of the topsails. 
Ebs | 2 | Tacked, strong breezes, and cloudy 
weather. 
' Out third reef topsails, set the jib and 
2 1 spanker, 
Set top gallant sails, Fresh breezes 
{and cloudy weather. 
12 
2 
Out second reef topsails. 
Moderate and clear weather, 
Lat. by doub. alts. 
1 By Py Mens fe 9° LON, 
Diff lat. till noon 5N 
38 20 N Jat, at noon. 
a { A ship in the SE quarter steering 
2 | lunder all sail to the S W. 
Ditto weather. 
Variation per Amp. 1% Points W. 
Course. |Dist.| Lat. Acct. | Lat. Obs. eae Oe. Bearing and Dist. at noon. 
N 58° E rat 38° 19’ N|38°20! N|24°11/W Lizard N 492° E, dist. 1074 mls. 
P.M. 
1 |}4\;6|NNE] East | 12 Moderate and clear weather. 
oe 15/0 | Out first reef topsails, set the royals 
and flying jib. 
3 }5|3 |NDEGE) EIN | 3 Light breezes and clear weather. 
Ditto weather. A swell from the EH 
4 )5 | 6 from 4 p.m. till 8 a.m. for which I 
fc F allow a drift of 24 miles. 
5 | 61.0 
Gn 6 lel In royals and flying jib. 
75/8 ESE) NE 1" Tacked. 
§ |5}|7 
9 1510 1 Moderate and clear weather. 
0, 1513 | 
11 |5|8 0 | 
Ho 7 6 | 2 Ditto weather. 
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AsM, 
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inl | K. | F. | Courses. Winds. rn Remarks. Tuesday, September 13, 1831. 
A.M. 

1 ;/5;9/ESE| NE} 1} Moderate and clear weather. 

Bi WS had 

31,5) 3 l Fresh breezes, in top gallant sails. 

4 |5|4 

ie Bee 

6 |5/0|/ENE N ly In first reef topsails. 

on ea Strong breezes and cloudy. 

8 }4)3 In second reef topsails. 


Long. per chronometer, at 
8 A.M. *®eeceee ess cece sh eae 9” W 
Diff. long. made tillnoon... 17 H 


Long. at noon eesececeoese 22 45 W 


=) 
oo 
© 
bo 


Flying clouds with light showers. 


— 
—) 
ov) 

CO of 


94 Fresh gales and squally; down jib 
3 ibaa in spanker. 


=] 
° 
o 
=] 
co 
on 


Lat. at noon by mer. alt, 38° 46’ N. 
Variation 20° W per azimuth. 


Long. Long. 
Account. | Observ. 


eeetrenrcrprarrercre | RT tf 


Course. | Dist. | Lat. Acct.| Lat. Obs. Bearing and Dist. at noon, 


mls. logo yar paqioge Rep 22°40" W| Lizard N 482°, dist. 1013 m. 
38° 43° N/38° 46 Ane 56 Wy Chron, \|Ushant Maan eae 


P.M. 


1 |3]0 lENERE) NLE | 3 Pia Seat stormy weather, with 
a0 434.1 In third reef topsails. 
3.12; 8] . 
4 1:2(/7\;ENE N 4 Close reefed topsails and set the trysail. 
B12.) G4 wae 
6. 88 
7 | 254 Handed mizen topsail. 
=F pao Oe 4} Handed fore topsail. 
Py pee ea Be) Sent down top gallant yards. 
10 |117|EbN |NDE|6 {aie a: mainsail up, and set the 
ysail; strong gales. 
Oa ea Struck top gallant masts. 
mid- 8 5 Reefed the courses and set them, and 


63 lets down the main staysail. 
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Remarks. Wednesday, September 14, 1831. 


A. M. 


Strong gales and squally weather. 
Hauled the mainsail up, and handed it, 
and set the main staysail 


Up Eb 


S Heavy gales and rain. Hauled the fore- 
Off S b E 


sail up, set the fore staysail, and reefed the 
trysail. Shiplabouring. Hauled down the 
fore and main staysail, got the jibboom in. 


NE | 73 


Up W 71 
OffSWbS 2 


Ditto weather. Ship under reefed trysail. 


Gale increasing, with a heavy sea. 
| anded the main topsail. 


10 Up Eis 8 
11 Off S 


Heavy sea. Took in trysail, and lay 
to under bare poles. Allow 1 mile per 
hour for drift while lying to. 


Variation, 2 Points W. 


Course, Dist. Lat, Acct. | Lat, Obs. pea Fi sis Bearing and Dist. at noon. 
° Mis ao oa; O11 Lizard N462°E, dist. 999 m. 
S 64° BE / 3, (88° 33'N e230 10"W Ushant N5145,.. 951 


P.M. 
ew NE | 8 Heavy gales, and violent squalls. 


2 aon Af 7 Gale abating; drift 1 mile per hour. 
oF Bs 6 \, More moderate ; set close reefed main 
opsail, reefed foresail, and main staysail. 
| 4. )2/2 Wore ship. 
| LS ae a) E NNE} 5 { totaal again, and set close reefed fore 
eo 13)1) NW 4 
(7 \3/4|NNW| NE | 4 

8 }|3]6 3 

9 |3/4 

10 | 31/6 N ENE | 2 
11 | 410 
4/1 io {ae gales and cloudy weather. Wore 
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Courses. Winds. 598 Remarks. Thursday, September 15, 1831. 


| A.M. 
NEbE NbW}1 Fresh gales and cloudy. 


: a Fresh breezes and cloudy weather, out 
BubN op sAteb Diist the {ath and 3d reef topsails. 


7 

4 

0 

3 Clear at intervals, Tacked. 

6 INDW4W|NEAE| 2 Out reef foresail; set whole mainsails, 
2 


aw &—& WD ND = 
LE ew oN 


N 
he 
© 


2d reef topsails; set top gallant sails, 


Up top gallant mast and yards; out 
jib and spanker. 


Long. by chron. at 83h. a.m, 22°40’ W 
8S |5|3INNEIN E 0 Diif. long. till noon. ...... 10 K 


Long. by chron. at noon... 22 30 W 


SS 


LE ey rg 
1091.6 42 Lat. at noon by ©’s mer. alt. 39° 32’ N 
Moderate and pleasant weather; a ship 
11 |6|/5jENESN| SE 1/0 on our larboard quarter on the starboard 
tack. 
noon} 6 | 3 Variation by azimuth 23° W. 
Course. Dit Lat. Ace.| Lat. Obs. oe pee Bearing and Dist. at Noon. 
| 22°30’ W) Scilly N 48° B, 928 mil 
° fo) I go ! Nntxt|44 y muecs. 
NS FWY 51 189 28! N30" 32 N (22° 20'W) Chron. ekie ann a 
pie 
1 |6;}8|;NNE}| ELS | 0 Moderate and clear weather, 
Be 5 107 : 
= eo are rs 
A 4/3|ENE Sk 1 Set royals, fore topmast and Fore top- 
gallant studding-suils, 
5 1414 
Gi Say 2 
(ec des ie SbW | 0 
8 i624 2 Sw Ditto weather. 
9 |713 WbN i. Up mainsail and squared the yards; 
in studding sails and royals. 
NUR Neg ee 
Bilge. 6 td N W 
‘d. 
bar 8 N + Ditto weather. 


night 
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H. | K, F. | Courses. Winds. 
1 4 
2 4 
= 4 
4 4 
5 3 
6 4 
7 4 
8 4 
9 |5 NbE| ELN 
10 6 
ll 6 
noon! 5 


g¢ 
Course. | Dist.| Lat. Acct.| Lat.Obs. 


N225°H|101°3) 41°5! N |40° 43! Ni21° 39°, W)" 7 


b Ll 
a 
Nw 

e) 


4\7\4 

Ne 8 i 

6 16/2 

7 16/4 

8 1518] EbS |NEbN 
9 1517 

10 }5/5 

11 |5/0|NNE| E 
mid-} 5 | 9 


Way. 


Lee- 


ae 


‘ 


Long. 


Account. 


NNE| 0 


Ble 


Wie 


Remarks. Friday, September 16, 1831. 


A.M. 


Moderate weather; braced up and set 


{the mainsail, 


Ditto weather. 


Tacked. Fresh breezes and pleasant 


{ weather. 


Tacked. 


Tacked. 


Spoke a vessel from Lisbon to Halifax 
under all sail, out 5 days. 


A swell from , allow 10 miles for it, 
Lat. by ©’s mer. alt. 40° 43’ N. 


Variation 24°points west. 


jes Bearing and Dist. at noon. 


21° 27’ W| Scilly N 494° K, 843 miles. 
r |Ushant N 563 H, 839. 


P.M. 


Moderate and clear weather, sct royals. 
Long. per © and ), 21° 4' W, at 3 
p. M., whence long. last noon 21° 27/ W, 


Set topmast studding-sails. Fresh breezes 
and clear. 


In fore topmast, and top gallant 
studding-sails and royals, In first reef 
topsails, 


In top gallant-sails, and second reef 
topsails. 


Tacked, 


Ditto weather. 
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H. | K. | F. | Courses. | Winds. m3 Remarks. Saturday, September 17, 1831. 
A.M. 

1 S|NNE E 4 Fresh breezes and cloudy. 

2 9 3 

3 1 

4 1 |NNESE| ES | 15 

5 0 “Out second reef topsails, moderate and fair. 

6 6 


At 7 a.m. spoke H. M.S. Warspite, 
out 4 days from Plymouth—long. by her 
chron. 20° 27’ W, agreeing very well 
with our acct. 


“J 
bo 
A 
te 
=i 
Z 
te 
os 
mM 
Ble 


Long. by chron. at a.m... 209 22)W 
Diff. long. till noon....+..6. 19 E 


Te) 
a 
| 
Z 
3) 
Nn 
3] 
o 


Long. by chron, at noon... 20 3 W 


co 


10 


Lat.by double alt.at 11 a.m. 429 14/N 
Diff. lat. till noone. seme 4N 
11 2} EbN | SSE 


Lats at noOn .eca¢escee sae eee te 


Sq 


noon | 6 Ditto weather. Variation 24 points W. 


One = Bearing and Dist. at noon. | 


Course. | Dist.| Lat. Acct. | Lat. Obs. eee 
ecount, 


N333°H| 115,429 19’ N\422 18/ N|20? 2/ W 


20° 3’ W|Scilly N 514° E, 731 miles. | 
Chron. | Ushant N593K, 731 | 


It may be observed, in the first place, on the preceding days’ works, 
that as the variation is westerly, it must be allowed to the left of the 
compass courses; and therefore when the ship makes leeway on the 
larboard tack, the difference between the leeway and variation is 
the correction to be applied to the course, to the left if the variation is 
greater, but to the right if the leeway is greater. When the ship 
makes leeway on the starboard tack, the allowance for if, as well as 
that for variation being to the left, their sum will be the correction to 
be applied to the compass course ; and when no leeway is made, the 
only correction is for the variation. Now EN E, the opposite point 
to the bearing of the land, is the first course; and this and the drift 
being corrected for variation, and the other courses for variation and 
leeway (when there is any), and the distances on each added up, we 
have the following 
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Diff. Lat. Dep. 


Courses. Dist. 


Lat left 37948’ N Mer pts 2453 Lon obs 25° 13’W 


a | es ee f 


Diffiat 31N Difflon 1 245 
Ne St ok ee Lat acct 3819 N Mer pts 2492 Lon acct 2411 W 
3 e ° ° _— _ eee 
NEE ‘ 16°9 | 10°1 13 , 67  Maifflat 39 
NEbDE#?ZE| 8:3] 3°5 fi Fit Ser Vat 
ES E2E 11-4 2*SF Tis) —— 
SEE * 7.0 4é¥ | 59 See at p. 181 the method of finding the 
diff long by inspection. 
3 ° ‘ ° 
eal Be ad bk From 11 a.m. till noon the ship's true 
NNW 4°3 | 4-0 1°6! course is N ¥ W, nearly 5 miles ; whence the 
NbW2W | 85] 8:0 2-9) diff latis also nearly 5 miles ; which, added 
NbWiw | 9°71] 94 9. 4| to the latitude by double altitudes at 1] 4. m, 
N3 Me | eg 6 gives 38° 20’ N for the latitude by observa- 
4 tion at noon. With this latitude and the 
Nziw 96 | 9°6 "5! long by account, the bearing and distance 
SiW 18 18°0 *9| of the Lizard are found to be N 493° E 
a 07 4 ines; 
60-9 |30°3} 57-2 | 8-9 
_30°3 8:9 
30:6N 48:3 


The courses for the second day’s work being first corrected for leeway only, 
as the variation is given in degrees, we have the following 
TRAVERSE TABLE. 


Diff. Lat, 
he Bt Compass course N 89° E 
ourses. ist. ie ; Vcciaevort ok 20 W 
True course... N 69K, distance 63 miles, 
N¢E 9°6 | 9°5 With this course and dist 63 miles, found 
NbELE 23°0 | 22°3 from the Traverse Table, the diff lat and 
SEbE A1eh 6°4 departure are found to be 22°8 N and 
‘8 E. 
SEbEZE | 10°3 4:8 ore, 
ESE 12°0 4:6) 11°1 Lat left..38°20°)N Long ....24°11)W 
1 oe 23N  Difflone, 
SESE 11°6 6-9 Diff lat 3 iff long (ddd E 
SEbE 1b°7 8-71 13-0 Lat acct..38 43 N Long acct. 22 56 W 
EN 14-1 | 1:4 2)77 38 
East 7°3 Mid lat.. 38 31 
ES 6°8 | 
W (swell.) | 24:0 94 | The departure made, from 9 a.m. till 
—_——_—— ——_ |__| ——|—_| noon, is nearly 14 miles, with which, and 
33:2 [32°1) 87°2 the mid latitude, about 382°, the diff long 


Course made per | 32:1 
compass N 89° E 
Dist. 63 miles. 11N 


is found to be 17 miles ; which, taken from 
23° 2’, the long by chron. at 9 a. M., gives 
22° 45’ for thelong by chron. at noon. 


a 


The remaining days’ works are le[t as exercises, 
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ON THE QUADRANT AND OTHER REFLECTING IN- 
STRUMENTS FOR MEASURING ANGLES. 


Tue quadrant, sextant, and reflecting circle, are in principle the same 
instrument, and the following is an explanation 
of the principle on which they are constructed. 

Let ABC be a section of a reflecting surface, 
FB a ray of light falling upon it, and reflected 
agvain in the direction BE, and BD a perpen- 
dicular at the point of impact; then it is a well-known optical fact, 
that the angles FBC and EBA are equal, and that F B, D B, and 
E B are in the same plane. 

Again, if AC were a reflecting surface, and a ray of light, SB, 
from any celestial object 8, were reflected to an S.,, 
eye at EK, the image of the object would appear 


at S’ on the other side of the plane, the angles rN 
SBA and ABS, as well as E BC, being Tee 
equal; and if E B bear no sensible proportion ATO 


to the distance of S, the angles SES’ and 
SBS’ may be considered as equal; for their 
difference, BS E, will be of no sensible magni- 
tude. 

These principles being premised, let the quadrant or sextant be 
represented by BH K, a 
sector of a circle, having a 
revolving radius B I, which 
carries with it round the 
centre, a mirror A B, whose 
plane is perpendicular to that 
of the sector; and, for the 
sake of simplicity, let us sup- 
pose that BI is in the plane 
of the mirror. Let C D be 
another mirror which is_ pa- 
rallel to AB when BI coin- 
cides with BK; and let AB 
and CD, the planes of the 
mirrors, meet when produced 
in G Let S be a celestial 
object, and 8 B, BD, DEL’, the course of a ray of light proceeding 
from it, and reflected from the mirrors A B and C D in succession to 
an eye at HK, where D E meets S B produced, and conceive B D to be 
produced to F. Then at E the object will appear at S, and its image 
at D, and the angle B E D will be the apparent distance of the object 


. 
. 
- 
- 
“ 
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from its reflected image; and whether the eye be at E, or at any point 
in the line DL’, the angular distance of S and its reflected image at 
D will be the same, if the distance of the eye from E be evanescent 
with respect to the distance of S. Now the angleSBA being equal 
to the angle DBG, by the above-mentioned property of reflection, 
and equal also to the vertical angle E BG, the angle D B E is bisected 
by BG; and BDC being, for a like reason, equal to each of the 
anoles F DG and EDG, the angle EDF is bisected by D G, hence 
(Geom., Theo. 26.) the angle BGD, or the alternate angle GB K, 
which is measured by IK, is equal to half the angle B ED, the an- 
cular distance of the object from its reflected image. 

In the quadrant, sextant, &c. the half degrees on the arc H K are 
considered as whole degrees, and therefore the angle read from 
that arc is the measure of the distance of the object from its reflected 
image, 

If MN were a mirror perpendicular to C D, the angles B DN 
E’DM would be equal, and therefore the ray B D would be reflected 
from MN in the direction D E’L, opposite to its direction as re- 
flected from CD. Hence, as seen by an eye in the line D E’L, the 
arc I K will be the measure of the supplement of the distance of the 
object from its reflected image. 

When the distance of an object from its image is determined from 
the inclination of two mirrors, situated as AB and C D are, the eye 
in the line DE L’ looking towards the object, the angle is said to be 
measured by a fore observation; but when the supplement of the 
distance of the object from its image is obtained from the inclination 
of two mirrors, situated as AB and MN are, the eye in the line 
D E’ L looking from the object, the angle is said to be determined by 
a back observation. 

The mirror AB is called the index glass, C D the fore horizon 
glass, and MN the back horizon glass. ‘The horizon glasses are 
only partly silvered, that objects may be seen through them, as well 
as by reflection from their surfaces. When the image of an object, as 
S, reflected from the index and horizon glasses to the eye at EK, is in 
apparent contact with an object, as L, seen by the eye through the 
horizon glass at the same instant, the arc I K measures the angular 
distance of the objects S and L. 

The revolving radius BI is called the index, and it is evidently of 
no importance, provided they revolve together, that it and the index 
glass A B should be in the same plane. The arc HK, called the 
limb, is generally in quadrants graduated to 20’, and the index carries 
a scale called, from its inventor, a Vernier, the length of the divisions 
on which are 19’; hence the division on the vernier which corre- 
sponds with a division on the limb, points out the minutes which the 
beginning of the vernier scale has advanced beyond the preceding 
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division on the limb. In sextants and circles, the divisions on the 
limb and the vernier are generally more minute, but the principle of 
division is the same, the following being the general theory of it. 

If 2 be the minutes in each division on the limb, and m = the 
number of those divisions which are taken as the whole length of the 
vernier scale, then mm is the minutes of the limb which the vernier 
comprehends; and this is divided into m+ 1 equal parts for the 


length of each division on the vernier. Hence 2 — —--——= 


mil 
7 


oa 4 = the difference between the lengths of the vernier and 
m 
limb divisions, or it is the length of the parts into which the vernier 


scale subdivides the divisions on the limb. If nm = 20’, andm= 19’, 
then sti lab V', ifm = 10! and m= 59’, then isisacn. — 10", &e. 
m+ 1 m-+1 


If when AB and C D are parallel, (see the last figure,) or A B and 
MN perpendicular to each other, the beginning of the divisions on 
the vernier does not coincide with the beginning of the divisions on 
the limb, their distance is called the index error, subtractive, of course, 
from the are read from the limb, as the measure of an angle, when the 
vernier division is to the left, and additive when to the right of the 
first division on the limb. If the first divisions on the scales coin- 
cide when the mirrors are parallel, the instrument has no index 
error, and the arc pointed out by the index is the measure of the 
required angle. 

As the angle SEL is double the angle B GD, the image of 5 will 
coincide with itself; when AB and CD are parallel; and, for a like 
reason, when A B and MN are perpendicular, S will be diametrically 
opposite to its image, as reflected from MN. 

A telescope is sometimes applied to guide the sight, and, from its 
magnifying power, to enable the observer to mark the contact of the 
objects observed with greater exactness. 

The adjustments of the instruments are, to make al] the mirrors 
perpendicular, and the axis of the telescope parallel to the plane of the 
instrument; the fore horizon glass parallel, and the back one perpen- 
dicular to the index glass, when 0 on the vernier coincides with 0 on 
the limb. 

There are various screws for making these adjustments, the method 
of doing which, as well as of using the instruments, will be best 
learned by practice, under the direction of a skilful teacher; but the 
following concise directions for making the requisite adjustments may 
be found useful. 

The frame which holds the index glass is fastened to the index by 
means of two screws behind it; and behind these is an adjusting 
screw, Having placed the index about the middle of the limb, as BI 
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(see the last figure) is placed, turn the face of the instrument upwards, 
and look obliquely into the glass; and if the image of H I appears on 
a level with HI itself, as seen by the eye, the index glass is perpen- 
dicular to the plane of the instrument ; but if the image appears lower 
than HI, tighten the adjusting screw; if higher, slacken the adjusting 
screw till the limb HI and its image, seen by reflection in the glass, 
appear one continued plane. 

Then to effect the parallel adjustment of the horizon glass, make 0 
on the index exactly coincide with 0 on the limb; fasten the clamp 
behind the index, and, looking towards the horizon through the sight 
vane or telescope, loosen the clamp of the lever which moves the 
horizon glass, and by means of the screw connected with the lever, or 
the nut at its extremity, move the horizon glass till the image of the 
horizon seen in the silvered part of the glass is in a straight line with 
the same object seen through the transparent part. 

To make the horizon glass perpendicular to the plane of the instru- 
ment, incline the instrument to one side, with its face upwards, and 
looking as before, towards the horizon, if it and its image appear still 
a straight line, no adjustment is required ; if the image appears to rise 
above the horizon, as seen directly, slacken the sunk screw before, and 
tighten that behind the glass, till the image and the object appear as 
one line; if the image appear lower, slacken the back screw and lighten 
the fore one. 

This adjustment is made in some instruments by meats of a screw 
passing through the frame, and in others by a screw behind, turned by 
a key, or a small capstan-pin, which is put into a hole in the head of 
the screw. ; 

When the instrument is furnished with a telescope, this adjustment 
is generally made thus,—screw a dark glass on the end of the tele- 
scope, and looking at the sun, make the two images pass over each 
other, and if they do not exactly cover each other in passing, turn the 
screw for the perpendicular adjustment of the horizon glass, till they 
do so. ‘The adjustment may be made with equal readiness by means 
of the moon or a star, without the use of the dark glass. 

In sextants, the index glass is generally fixed in its situation by the 
maker, so that it cannot be directly adjusted; and in the best instru- 
ments, the apparatus for the parallel adjustment of the horizon 
glass is also omitted; so that it is indispensably necessary to deter- 
mine the index error. 

To make the axis of the sextant telescope, when it isan inverting 
one, parallel to the plane of the instrument, turn the eye-piece of the 
telescope till two of the parallel wires in its focus appear parallel to 
the plane of the instrument; and bring the sun and moon, the moon 
and a bright star, or two bright stars, being 90° or more distant from 
each other, in apparent contact, on the wire next the instrument; in- 
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stantly bring them to the other wire, on which, if they still appear in 
contact, no adjustment is required ; if they separate, slacken the screw 
farthest from the instrument, in the ring which holds the telescope, and 
tighten the ‘other; and vice versa if they overlap. On a few repeti- 
tions this adjustment may be made perfect, and it is not very liable 
to alter. 

To find the index error, move the index till the horizon, or any dis- 
tant object, coincides with its image, and the distance of 0 on the index 
from 0 on the limb is the index error; subtractive when 0 on the index 
is to the left, and additive when itis to the right of 0 on the limb. 

Or, holding the instrument horizontally, move the index forward till 
the sun and his image appear to touch at the edges, and the difference 
between the reading on the limb and the sun’s known diameter at the 
time, is the index error; subtractive when the reading is the greater, 
and additive when it is the less. 

Or, in the same manner, make the images touch at the edges, right 
and left, and when the readings are one right and the other left of zero 
on the limb, half their difference is the index error ; but when they are 
both right, or both left of zero, half their sum is the index error; sub- 
tractive when the greater reading is left, and additive when it is right 
of zero. 

Note.—When the readings are on different sides of zero, one fourth 

of their swm, but when they are on the same side of zero, one fourth of - 
their difference is the sun’s semidiameter. 
« The reflecting circle differs from the quadrant or sextant chiefly in 
having the complete circle graduated, and the measure of the required 
angle pointed out by three indexes, placed at equal distances from each 
other, one of which, having a screw attached to it, is called the leading 
index. Angles are measured by this instrument, on each side of 0 
on the arc, by reversing the face of it; and the mean of the measures 
on each side of 0 is the true measure of the angle, independent of the 
index error. 

In the annexed figure, let B D, B E, and B F be the position of the 
leading and other indexes when the 
revolving central mirror is parallel to Ee 
the fixed one KL, LetAC andMN 
be two positions of the revolving mir- 
ror, when it is equally inclined to K L. 
Then the ares DG, DG’, EH, EH’, 
FI, FI’, passed over by BD, BE, 
and BF, will be all equal; and if, 
when the mirror has the position MN, 


the face of the instrument be reversed, 
MN and K Lwill then have the same 
relative position to each other that A C 
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and K I. have; and, consequently, if an object is seen by reflection 
from AC and KW, it will also, when the instrument is reversed, be 
seen by reflection from MN and KL by an eye placed in the same 
situation ; hence the degrees, &c., on the arcs GG’, H H’, [ I’, areeach 
the measure of double the distance of the object and its reflected image ; 
it is evident, therefore, that, in observing with the instrument in this 
manner, its index error does not affect the measure of the required angle. 


NAUTICAL ASTRONOMY. ° 
DEFINITIONS AND PRINCIPLES. 


Astronomy is the science which treats of the heavenly bodies, their 
distances, appearances, and the laws by which their motions are governed; 
and Nautical Astronomy is that application of the principles of the 
science by which, from the angular positions of celestial objects, with 
respect to each other and to the horizon, the mariner is enabled to 
determine his situation at sea. . 

The sun, which to us is the fountain of light and heat, is an immense 
spherical body, of about 880,000 miles in diameter, and it is the centre 
round which eleven other bodies, called planets, are known to revolve 
at different distances, and indifferent periods. ‘The planes in which the 
planets revolve all pass through the centre of the sun, and they are in 
eeneral inclined to each other in very small angles. They are called 
primary planets ; and several of them are attended by smaller ones, 
called satellites, which revolve round them, in the same manner as they 
revolve round the sun. 

The sun and the planets are called the solar system. The orbits of 
the planets are not strictly circular, but elliptical or oval; and the sun is 
situated nearer one extremity of the longer axis than the other, in a 
point in that axis called the focus: so that the planets at one period of 
their revolutions are nearer to the sun than at another; and when they 
are nearest to him, their velocities are greatest; the fundamental law of 
planetary motion being, that @ line drawn from the planet to the sun 
describes equal areas round him in equal times. 

Besides this periodical revolution round the sun, each of the planets 
has a uniform rotatory motion round an imaginary line, called the ais, 
passing through the centre; and during the whole of any planet’s 
revolution, its axis of rotation preserves the same parallel position. In 
consequence of this rotation, the different parts of the surfaces of the 
planets are presented to the sun in succession; but it has not been 
observed that the axis round which any planet rotates is perpendicular 
to the plane in which it revolves round the sun; therefore at one period 
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of the revolution one extremity of the axis and the adjacent parts of the 
surface will be inclined towards the sun, and the other at the opposite 
period. 

There is a class of bodies called comets, which also revolve round ihe 
sun, and appear to be governed in their motions by the same laws that 
regulate the motions of the planets. Their orbits are greatly elongated, 
and they come towards the sun from all quarters of the heavens, differ- 
ing in this respect from the planets, which revolve pretty nearly in the 
same plane. 

The planets become visible or shine only by reflecting the light of 
the sun, and they can therefore be seen only when some part of their 
surface on which the sun shines is turned towards the observer. 

The earth on which we live is one of the planets; it revolves round 
the sun in a year, and performs its rotation on its axis, from west to 
east, once ina day. ‘The moon is a satellite attending the earth, round 
which it revolves, from west to east, in about 27 days 8 hours, at a 
mean distance of about 240,000 miles. 

The planets, in the order of their distances from the sun, are Mer- 
cury, Venus, the Earth, Mars, Vesta, Juno, Ceres, Pallas, Jupiter, 
Saturn, and Herschel.—Mercury, and Venus, which are nearer the 
sun than the earth, are called inferior planets; and those which are 
more distant are called superior planets. Jupiter, Saturn, and Her- 
schel, are by far the largest; and Vesta, Juno, Ceres, and Pallas, 
which are all nearly at the same distance from the sun, are so small that 
they are generally termed Asteroids. Jupiter has four satellites, Saturn 
seven, and Herschel six; and Saturn is besides surrounded by a thin, 
broad, and beautiful ring, perfectly detached from his body. 

The mean distance of the earth from the sun is 95,000,000 miles, and 
the mean distances of all the planets are nearly proportional to the 
following numbers, 

Mercury, Venus, Earth, Mars, Asteroids, Jupiter, Saturn, Herschel, 

“ 7 10 16 28 52 100 196 


Hence, from the mean distance of the earth, that of any of the other 
planets may be obtained by proportion. 

When an inferior planet is between the earth and the sun, its dark 
side being turned towards the earth, it cannot of course be seen by us, 
unless as a spot apparently passing over the surface of the sun; but it 
can be so seen only when it passes the sun in one of those points at 
which its orbit crosses the plane of the orbit of the earth. These points 
are called the nodes of the planet’s orbit. 

The moon in like manner is invisible when she is in the vicinity of 
the sun, or at new moon, and she appears like a full circle when she is 
in the opposite quarter of the heavens; and the various appearances 
which she exhibits in other situations are merely those which arise 
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from a greater or less portion of her enlightened hemisphere being 
seen from the earth; but the convex edge of the visible part is always 
turned towards the sun. ! 

When the moon passes directly between the earth and the sun she 
intercepts his light, and forms a solar eclipse ; and, when at full, the 
earth is between the moon and the sun, it intercepts the light of the 
sun, and produces a lunar eclipse; the moon in that case passing 
through the earth’s shadow, as the moon’s shadow in a solar eclipse 
passes over the earth. 

The inferior planets, when viewed through a telescope, present all 
the varying appearances of the moon; but as the superior ones are never 
between the earth and the sun, the apparent form of their visible discs 
undergoes a comparatively inconsiderable change. 

From the rotation of the planets, the axes round which they revolve 
are shortened, and the diameters perpendicular to them, or their equatorial 
diameters, are lengthened ; that is, they are flattened at the poles. This 
is particularly observable in the larger planets, and which have besides 
aquick rotation. Jupiter’s equatorial diameter is to his polar one nearly 
as 14 to 13, Saturn’s as 12 to 11, and the earth’s as 301 to 300. The 
earth is therefore much less flattened by its rotation, or it ismore nearly 
spherical, than either Jupiter or Saturn; and the cause is obvious, for 
Jupiter and Saturn are both immensely larger than the earth, and they 
revolve also in less than half the time. 

Besides the bodies which form the solar system, whose positions, 
both real and apparent, are continually varying, there are numberless 
other stars, which shine by their own light, and whose relative situations 
appear not to be subject to any such change. They are called fixed 
stars, and their distance is so great that the whole extent of the solar 
system is absolutely as nothing when compared with it, Therefore, 
from whatever part of the earth’s orbit the fixed stars are viewed, their 
apparent situations in space are the same. 

The vicissitudes of day and night are produced by the diurnal rotation 
of the earth on its axis; and the inequality of the days and the alterna- 
tions of the seasons, by the inclination of its axis to the plane of its orbit. 

It is not however the real, but the apparent motions of the heavenly 
bodies that are the objects of consideration in Nautical Astronomy ; 
and all the apparent motions would be the same if the earth were con- 
ceived to be stationary, the sun to revolve annually among the fixed 
stars in the plane of the earth’s orbit, the planets at the same time per- 
forming their apparent evolutions round him on the immeasurably 
distant concavity of the celestial sphere, and that sphere, with the sun, 
stars, and planets, to revolve daily round the earth, from east to west. 

The plane of the earth’s orbit, or the circle in which the sun appears 
to move among the stars, is called the ecliptic, and circles perpendicular 
to it are called circles of celestial latitude. 
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The axis of the earth produced to the heavens points out the celestial 
poles, or the points round which the apparent diurnal revolution of the 
celestial sphere is performed ; the terrestrial equator produced to the 
heavens is called the celestial equator; the meridians produced in like 
manner are called celestial meridians; and the parallels of latitude 
similarly produced are called parallels of declination. 

The ecliptic intersects the equator in two points, called equinoctial 
points; that at which the sun crosses from the south to the north side 
of the plane of the equator is called the first point of Aries; Aries being 
the first of twelve equal parts, called signs, into which astronomers 
divide the ecliptic. 

From the attraction of the sun and moon on the protuberant parts of 
the earth about the equator, the equinoctial points move westward along 
the ecliptic about 50” in a year; this motion is called the precession of 
the equinoxes. 

The sign of the ecliptic, in order, with their distinguishing marks, are 
as follows, viz. : 


Sans. Anies, Taurus, Gemini, Cancer, Leo, ‘Virgo, 
Marks. ce 8 ul oS NX 1 
Stans. Libra, Scorpio, Sagittarius, Capricomus, Aquarius, Pisces. 
Marks. xn m1 ft V3 AW, x 


The inclination of the equator to the ecliptic is called the obliquity of 
the ecliptic. . 

The latitude of a celestial body is an are of a circle of latitude inter- 
cepted between the object and the ecliptic, aud it is called north or 
south, according as the object is on the north or south side of the 
ecliptic; and the longitude of a celestial object is the are of the ecliptic 
intercepted between the circle of latitude passing over the object and 
the first point of Aries, estimated in the order of the signs. 

The declination of a celestial object is its distance from the celestial 
equator measured on the meridian passing over the object, and it is 
called north or south according as the object is on the north or south 
side of the equator; and the right ascenion of a celestial object is the 
are of the equator intercepted between that meridian and the first point 
of Aries, estimated, like the longitude, in the order of the signs. ‘The 
right ascension of any meridian is the same as that of a celestial object 
conceived to be on the meridian. 

The sensible horizon is a plane conceived to touch the earth at the 
point at which an observer is situated ; and the rational horizonis a plane 
parallel to the sensible one passing through the centre of the earth, 

The pole of the horizon vertically over an observer is called the 
zenith, and the opposite point the nadir. The zenith is at the same 
angular distance from the celestial equator that the observer himself is 
from the terrestrial one. 


DEFINITIONS AND PRINCIPLES. 209 


Great circles perpendicular to the horizon, and which of course meet 
in the zenith, are called vertical circles, azimuth circles, or circles of 
altitude. ‘The angle which the vertical circle passing over any object 
makes with the meridian passing through the zenith, or the arc of the 
horizon which these circles intercept, is called the azimuth of the 
object. 

The vertical circle which is at right angles to the meridian is called 
the prime vertical, and it meets the horizon in the east and west points ; 
the meridian meeting it in the north and south points. 

The amplitude of an object is the angle included between the prime 
vertical, and the vertical circle on which the object rises or sets; or it is 
the angular distance of the object at rising or setting from the east or 
west points of the horizon. 

Small circles parallel to and above the horizon are called parallels of 
altitude, and the small circle 18° below the horizon is called the twilight 
circle, because the twilight begins in the morning and ends in the 
evening when the sun is on that circle. 

The polar distance of an object is its distance from the pole nearest 
the zenith of the observer, and it is consequently equal to the sum or 
difference of a quadrant and the declination, according as the latitude 
and declination are of a contrary or the same denomination. 

A sidereal day is the interval between two successive transits of a 
fired star; and a solar or an apparent day is the interval between two 
successive transits of the swn over any meridian. The sidereal day com- 
mences when the first point of Aries is on the meridian, and the solar 
or astronomical day when the sun is on the meridian. ‘The sidereal 
time of day is measured by the arc of the equator, or the angle at the 
pole between the first point of Aries and the meridian of the observer, 
estimated from the meridian westerly ; and the solar or apparent time 
of day is measured by the arc of the equator, or the angle at the pole 
intercepted between the meridian on which the sun is, and the meridian 
of the observer, estimated also from the meridian westerly. 

Hence the solar time added to the sun’s right ascension is the sidereal 
time, or the sun’s right ascension taken from the sidereal time leaves 
the solar or apparent time. 

A mean solar day is longer than a sidereal one, for the sun daily 
advances in the ecliptic so far towards the east that the mean interval 
between his transits is about 3m 56s greater than the interval between 
the transits of a fixed star. The sidereal days are all perfectly equal, 
but from the variable angular motion of the sun in the ecliptic (a 
circle inclined to the equator) his daily change of right ascension is a 
variable quantity, and hence he comes to the meridian at unequal 
intervals of time. Mean time is that which would be shown by the 
sun if he revolved in the plane of the equator with the mean angular 

P 
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velocity with which he revolves in the ecliptic; the difference between 
mean and apparent time is called the equation of time. 

Chronometers for nautical purposes, as well as clocks and watches 
for use in ordinary life, are regulated by mean time, but observatory 
clocks by sidereal time; because when an object is on the meridian, the 
sidereal time is its right ascension, which in observatories it is one of 
the chief objects to determine. 

The meridian distance of a celestial object is the angle at the pole, 
included between the meridian on which the object is, and the meridian 
of the observer. 

The semidiurnal are is the arc of the parallel of declination which a 
celestial object describes, between the time of its rising or setting, and 
that of its passing the meridian, and it is measured by the corresponding 
are of the equator. 

The ascensional difference is the difference between the semidiurnal 
are and six hours. 

From what has been said on the subject of time, it is evident that the 
difference between the time at Greenwich, and that at any other place, 
is measured by the same arc of the equator which measures the 
longitude of that place, whether the time is apparent, mean, or sidereal; 
the circumference of the equator, or 360°, representing 24 hours of 
time. Hence the problem of finding the longitude by observation 
requires us to be able to determine the time at the place at which we are, 
and the time at the same instant at the meridian of Greenwich, 

The apparent altitude of a celestial object is the arc of a vertical circle 
intercepted between the centre of the object and the sensible horizon, 
the eye being on the surface of the earth; and the true altitude is the 
arc of a vertical circle intercepted between the centre of the object and 
the rational horizon, the eye being conceived to be at the centre of the 
earth. The true and apparent zenith distances, or the true and appa- 
rent distances of the object from the zenith, are the complements of the 
true and apparent altitudes. The altitude and zenith distance of an 
object, when on the meridian, are called the meridian altitude and 
meridian zenith distance of that object. 

But altitudes, if observed on or above the surface of the earth, require 
several corrections before the true altitudes can be deduced from 
them. These corrections are for semidiameter, dip, refraction, and 
parallax. By the semidiameter of a celestial object, is meant the 
angle which the radius of its apparent circular dise subtends at the eye 
of the observer ; and by the parallax, the angle which that radius of the 
earth on which an observer is situated subtends at the centre of 
the object. When the object is in the horizon, the semidiameter and 
parallax are called the horizontal semidiameter and horizontal parallax; 
and the parallax, at any altitude, is called the parallax in altitude, 
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The sun’s semidiameter was given in the Nautical Almanac for every 
sixth day of the month, and since 1834 it is given for every day. 
His mean horizontal parallax is about 82’, and it never differs more 
from that quantity than about a quarter of a second. His parallax, 
at any altitude, may be taken by inspection from Table 10, and his 
semidiameter, with sufficient exactness, from Table 16; but for common 
purposes, the semidiameter may be always taken at 16’. 

The moon’s horizontal parallax and semidiameter, as seen from 
the centre of the earth, are given in the Nautical Almanac for every 
noon and midnight of Greenwich time. The parallax there given is 
the horizontal parallax of the earth’s greatest or equatorial radius, 
and the reduction, to adapt it to any particular latitude, may be taken 
from Table 12. The parallaxes of the sun and the planets are so small, 
that this correction, with respect to them, is too minute to be 
regarded. The moon’s parallax is to its semidiameter always very 
nearly as 1] is to 3. Her apparent semidiameter is greater as her 
altitude increases, as she is then nearer to the observer. This augmen- 
tation of her semidiameter may be taken from Table 14. 

When the eye is above the surface of the earth, the visible horizon 
appears depressed, as the line from the eye, touching the horizon, is a 
tangent to the earth at the point of contact. The depression of this 
line below the horizontal plane passing through the eye of the observer, 
is called the dip; and the altitude, as observed, as well as its supplement, 
are too great by this depression. The correction for dip is therefore 
subtractive ; it may be taken, by inspection, from Table 7. 

When a ray of light passes obliquely from one medium into another 
of greater density, it is bent towards the perpendicular at the point at 
which it enters. ‘This bending is called refraction. Now the strata of 
the atmosphere, through which the rays of light pass to the earth, 
increase in density as they approach the surface, being compressed by 
the weight of the superincumbent atmosphere; and therefore the rays 
of light from celestial objects are bent downwards as they approach the 
earth; and, consequently, to us, all celestial objects appear more 
elevated than they would do, or their altitudes are greater than they 
would be, if light were not refracted. 

Except near the horizon, the refractions at different altitudes are 
nearly proportional to the cotangents of the altitudes. In a mean 
state of the atmosphere, the refraction at the horizon is 33’. Table 9 
contains the mean refractions, and Table 11 their corrections for any 
variation in the temperature or density of the atmosphere. 
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To explain more clearly the effect of these corrections on altitudes, 
let MIK L be a section of the 
rational, and N B a section of the 
sensible horizon, A B the eleva- 
tion of the eye of an observer 
above the surface of the earth, and 
A Ca plane parallel to ML. Let 
N be the place of a celestial ob- 
ject when in the horizon, S its 


S\ aoe 


true place when above the hori- 
zon, S aA the course of a ray of 
light from it to the eye at A, AS’ 
a tangent to the curve S@ A at the 
point A,and A H a tangent drawn 
from A to the earth’s surface at H ; then S A S/ will be the refraction, 
CAH = BKAH the dip, BN K the horizontal parallax, and B SK 
the parallax in altitude; S’ AH the observed, S BN the apparent, 
and S K M the true altitude, which is measured by the are GI. Now 
even in the case of the moon, the parallactic angle BS K will not in 
any case much exceed a degree ; and as it is subtended by B K, which 
is nearly 4000 miles, the angle AS B subtended by A B, which on 
ship board cannot exceed a few feet, may be considered as evanes- 
cent; and therefore the angles SAC and SDC, or SBF, may be 
considered as equal. Whence S’AH (the observed altitude) — 
CAH (the dip) — S’AS (the refraction) = SAC = SBF; and 
SBF+BSK=SEF=S KM, thetrue altitude. And N KandSK 
being equal, NK: BK :: SK: BK; but NK: BK :: rad: sin 
BN K andSK: BK:: sinS BK, orcosS BN: sin BS K; con- 
sequently, rad : sin horizontal parallax }{ cos apparent altitude : sin 
parallax in altitude; whence, from the horizontal parallax, the pa- 
rallax in altitude may be computed. The joint effect of the moon’s 
parallax and refraction may be taken by inspection from Table 24. 

With respect to the semidiameter of the object, as it is the altitude 
of the centre that is required, the semidiameter must be added to the 
observed altitude when the lower edge, or lower limb, is observed, 
and subtracted from it when the upper limb is observed. 

When the altitude of an object is taken by what is called a back 
observation, the depression of the point diametrically opposite to the 
object is measured ; the effect of the dip is therefore to diminish this 
angle, as it increases the measure of its supplement; in this case 
therefore the correction for dip is additive. 

The altitude corrected for semidiameter and dip is the apparent 
altitude, and the difference between the remaining corrections, viz. 
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the parallax in altitude and the refraction, is called the correction of 
altitude. 

The correction for parallax being additive, and that for refraction 
subtractive, their difference is additive when the parallax, and sub- 
tractive when the refraction, is the greater; but it is only in the case 
of the moon that the parallax exceeds the refraction, and from the 
distance of the fixed stars their parallax is insensible, therefore the 
moon’s correction of altitude is additive, and that of the sun or of a 
star subtractive; or the true place of the moon is above, and that of 
any other celestial object be/ow its apparent one. Altitudes are some- 
times observed on land by reflection, from what is called an artificial 
horizon, which is in general merely the horizontal surface of a fluid. 
Thus, in figure 2, page 200, if the reflecting surface AC were hori- 
zontal, the angle E, or its equal SBS’, would be double of SBA, 
the altitude of S, Altitudes can be taken with great exactness by this 
method, and the seaman should be familiar with the practice of it, as 
from altitudes so taken on shore he may, at any time, with ease and 
accuracy, find the error and rate of his chronometer. When the alti- 
tude of a celestial object is increasing, it is marked with +, and with — 
when it is decreasing; hence + affixed to an altitude shows that the 
object is east, and — that it is west of the meridian. 

The same marks added to a number, taken from a Table, show 
whether the number is increasing or decreasing. For example, if I 
take the sun’s right ascension for July 4, 1825, from Table 21, thus 
6h 52m 43s + 4m 7s, I mean, that the right ascension is 6h 52m 43s 
at noon, and that its next value given in the Table is 4m 7s greater. 

If I take from Table 32 the moon’s horizontal parallax for mid- 
night, Greenwich time, September 9, 1823, thus 55’ 55”— 21”, I 
mean, that her parallax is 55’ 55”, and that the next following one is 
21” less. 

Q signifies the sun’s lower, and © his upper limb; 2 the moon’s 
lower, and J her upper limb. 


PREPARATORY PROBLEMS. 
Prosiem I. 


To convert longitude into time. 


Muutipty the longitude by 4, divide the degrees of the product by 
60, and the quotient will be the hours, the remainder minutes, and the 
other parts of the product seconds, &c. of the corresponding time. 
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EXAMPLE, 
~ What time corresponds to 49° 4’ 20” of longitude ? 
; 49° 4/90" 
4 : 
60)196 17 20 
hours 3 16 17 20 


EXAMPLES FOR EXERCISE. 


Longitude. Time. 
j h ye s t 


° 4 
154 14 10 equivalentto 10 16 56 40 


163 bitB 48 ) see she le sway (0) G2) LEZ 


mh. 

2. AB 27, O0y esd ved vee 3 13 48 00 
3. L422) BO y4 i aah cnt Hb 56 10 00 
A, BALLG:) 400) 0.48 abs cos 21 4 00 
5, 


Prosiem II. 
To reduce time into longitude. 


Reduce the hours and minutes into minutes, and divide all by 4, 
and the quotient will be the degrees, minutes, &c. of the correspond- 


ing longitude. 


EXAMPLE. 


What longitude corresponds to 7h 2m 46s? 


ham ons 
ie 5 AG 
69 

4) 422 


105° 41’ 30” 


EXAMPLES FOR EXERCISE. 


Time. Longitude. 

h m 8 / “ 

1. 3 4 56 equivalentto 46 14 00 
2. 5 2 igh O i relaah ees. wiete cet 75 34 45 
3. £4 BS Mr ar. Gk a 3 30 45 
4. PUIPAST BS tiny, 3 oo tse 6) 24 5ee 
D. IS 29 Oona w wines Bee) Le 


“——  —_ —_— i. eS ee 


——_—— a 


— a | 
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Prosiem ITI. 


To express civil time astronomically. 


‘Tf the given civil time be P.M., the astronomical and civil time will 
agree; but if the civil time be A.M., add 12 hours to it, and the sum 
will be the corresponding astronomical time after the noon of the pre- 
ceding day. 

For example, October 4th, at 2h 10m 3s P.M. civil time, is also 
October 4th, 2h 10m 3s astronomical time; but September Ist, 
8h 4m 20s A.M., is August 31st, 20h 4m 20s astronomical time, 


* 
EXAMPLES FOR EXERCISE. 


Civil Time. Astronomical Time. 

hm ~°s5 hm $s 
1. June 5th 410 3 AM is June 4th 1610 3 
2 Dee. 29th 3 2 7PM.... Dees 29h 38 2.7 
3. Aug. 14th 6 28 40 PM .... Aug. 14th 6 28 40 
4, Feb. 26th 958 3 AM.... Feb. 25th 2158 3 
5. July 7th 71256 AM .... July 6th 19 12 56 

* 


Prosiem LV. 


From the time at any place, and the longitude of that place, to find 
the corresponding Greenwich time. 


Reduce the longitude into time by Problem I; and if west, add it 
to the astronomical time at the given place, but subtract it if east, and 
the sum or remainder will be the Greenwich time. 

If, in adding, the sum should exceed 24 hours, the excess will be 
the Greenwich time, past noon, of the following day; and if, in sub- 
tracting, the longitude in time should exceed the astronomical time 
at the place, subtract the longitude in time from the given time, 
increased by 24 hours, and the remainder will be the Greenwich time, 
past noon, of the preceding day. 


EXAMPLES. 


1. In longitude 21° 4’ W., on September 13th, at 8h 40m 3s A. M., 
required the astronomical time at Greenwich ? 


Be Th. 8 
Astronomical time, September 12th 20 40 3 
Longitude in time W. .......... 1 24 16 


Astronomical time at Greenwich.. 22 4 19 
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2. In longitude 85° 24’ E., on July 20th, at 3h 35m %s P. M., ree 
quired the Greenwich time ? 


h 6 ae 
Given time P. May vei. SO) oh 4. a ee 

24 

27 35 7 
Longitude.in time gi Fae ag. > ois ». 1D AL 86 


Greenwich time, July 19th........ 21 


EXAMPLES FOR EXERCISE. 


Civil Time, Longitude. Astronomical Time at 
Greenwich, 
h>-m 148 Bey hm s 
1. Oct. 17th 4 23 4 AM 43 12 W Oct. 16th 19 15 52 
2. Feb. 4th 9 16 22 PM 17 4E Feb. 4th 8 8 6 
3. May 30th 11 38 4 AM 163 28 W May 30th 9 56 56 
4, July 26th 4 00 00 AM 120 00 W July 26th Noon. 
B. pec. 271th 10 13 ~olP MT 21 18 W Dec. 27th 7 39 3 
6. Aug. Ist 100 8PM 58 4E — July8lst 21 27 52 


Propiem V. 


To find the apparent time at which any celestial object culminates, or 
passes the meridian of a given place, on a given day. 


From the object’s right ascension for the noon of the given day, in- 
creased, if necessary, by 24 hours, subtract the sun’s right ascension 
at noon, and the remainder is the required time nearly. To this add 
the longitude in time if west, but subtract it if east, and the sum or 
the remainder will be the Greenwich time nearly. To the logarithm of 
this Greenwich time, from Table 30, add the logarithm of the daily 
change of the sun’s right ascension, from the same table, taking hours 
and minutes for minutes and seconds, and the sum is the logarithm of 
a correction, to be found in the same table, calling hours and minutes 
minutes and seconds; subtract this correction from the time nearly, 
found before, and the remainder will be the required time, stz// more 
nearly. If still greater exactness is required, the operations may be 
repeated; but this will seldom be necessary. In this manner may 
the time be found at which any object passes the meridian; but if the 
time of the moon’s meridian passage be required, merely to prepare 
for observing her meridian altitude, or to determine the latitude from 
an observed meridian altitude, it may be found with sufficient exactness 
for nautical purposes, by adding to the time of her passing the meri- 
dian of Greenwich, the correction from Table 17, in west, but subtract- 
ing it in east longitude. 
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EXAMPLE JI. 


At what time will Altair pass the meridian of Petersburg, October 
11th, 1823? 


hy. .pvens 
*’s RA Jan, Ist, 1820, Table 23, 19 42 0+- 2°93 annual variation. 
2°93 xX 3°8 years = + Ill 
¥’s RA at given time......... 19 42 11°1 
©’sR A at noon, Tab, 21...... 13 4 1+3m 41s. Tab. 30 °8140 


Required time nearly ......... 6 38 10-1 
Longitude 30°19’ Eintime.... 2 1 16 


Greenwich time ........+-se-. 4 36 54 Log Table 30... °7159 
Cor. sub. fr. required time nearly 42°5 prop log 15299 
Required time ....-+e0-- Dee Ota 2 CG ? 


EXAMPLE II. 


Required the time at which the moon will pass the meridian of 
40° W, September 10th, 1823 ? 
hm 

Per Naut. Alm. (see Tab. 31) > on the meridian of Greenwich 4 32 

And on the following day 5 23 


Difference ....... org 51 


To 51m and long. 40° W, in Table 17, corresponds 5m, which added 
to 4h 32m gives, the required time 4h 37m. 


EXAMPLES FoR EXERCISE. 


At what. time will the following celestial objects pass the meridian of 
the places respectively named in each question on the-given day ? 


Answer. 
Object. Date. Place. Time of culminating. 

Hel, a es 
1. Fomalhaut.. April 14th, 1839..Cape of Good Hope 21 17 21 
woemmiges,....Oct. Tlth, 1857. .Genodie.. ... es cce 17 29 24 
3. Capella..... Mov. otu, 1824... New Yorkwss.. «.. 14 18 Il 
4. Aldebaran...Dec. 10th, 1869..Canton .......... 11 17 41 
Sp a Aug.  Sthpis73s). Cadiz wo.e. eos 22 31 41 
Ge Deiicisie to... Sept. 1I[th, 1823... Rio Janeiro....... 5 28 OU 
7. D eesveoe. Sept, 26th, 1823..Constantinople.... 17 40 00 
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Prosiem VI. 


From the observed altitude of a fixed star to find its true altitude. 


Correct the observed altitude for the index error of the instrument, 
subtract the dip (Table 7) if the altitude be taken by a fore observa- 
tion, but add it if by a back observation, and the sum or remainder 
will be the apparent altitude, from which subtract the refraction 
(Table 9) corresponding to the altitude, correcting the refraction by 
Table 11, when necessary, and the remainder will be the true altitude. 

Remark. When it is not otherwise stated, the altitudes in every 
example in this book are to be understood as taken by a fore observa- 
tion. 


EXAMPLE. 


If the altitude of a star be 43° 12’, height of the eye 18 feet, 
required its true altitude, the index error of the instrument being 
3' 46” —? 

43° 12’ 00” observed altitude. 
3 46 index error of the instrument. 


43 8 14 i , 
4 11 dip. e 
43 4 3. apparent altitude. 


1 1 refraction. 
43 3. 2 true altitude. 


EXAMPLES FOR EXERCISE. 


The true altitude of the star is required in each of the following 
examples ? 


Answer. 

’s observed Alt. Index Error. Height AS 7 Kye. True Alt. 
1. 48.'26 — 5 8 18 48 J5 56 
2. 39 17 +2 40 12 39 15 6 
S Haim of weg hs — 0 26 17 86 18 26 
4, 4 48 + 1 35 12 4 35 50 
5, T weO — 1 00 15 Yee eae 
6. 24 00 +4 22 16 23 57 58 


Prositem VII. 


From the observed altitude of the sun’s lower or upper limb, to Jind the 
apparent and true altitude of his centre. 


Correct the observed altitude of the limb for the index error of the 
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instrument and the dip, as in the last Problem, and the result will be 
the apparent altitude of the limb; to which add the semidiameter, if 
the lower, but subtract it if the upper limb is observed, and the sum 
or remainder will be the apparent altitude of the centre. From this 
subtract the difference between the parallax, (Table 10,) and the 
refraction, (Table 9,) corresponding to the altitude of the observed 
limb, and the remainder will be the true altitude. 

Remark. The difference between the parallax and refraction cor- 
responding to the altitude of the centre, is the correction of altitude 
which must be used in computing the true altitude, when it is 
required for clearing the apparent distance between the moon and the 
sun or a star, from the effects of parallax and refraction. 


EXAMPLE. 


If the altitude of © be 24° 2’ 40” on May 17th, index error of the 
instrument 2’ 23” +, height of the eye 15 feet, required the true alti- 
tude of his centre? 


24° 2/40” observed altitude. 
+ 2 23° index error. 


24 5 8 
— 3 49 dip Table 7. 
24 114 


+ 15 50 semidiameter, (Nautical Almanac or Table 16.) 


2417 4 
2 00 cor of alt for ref and par (Tables 9 and 10.) 


24 15 4 true altitude. 


EXAMPLES FOR EXERCISE. 


In each of the following examples the true altitude of the sun’s 
entreis required ? 


| Answer. 
Date. Observed Alt. Index Error. Haight ot the Eye. True Alt. 

ro + Py of qa 8 
Sept. 5th, © 40 340 — 2 12 16 40 12 26 
Oct. llth. © 28 16 22 + 4 8 12 27 59 24 
Dec. 14th © 14 346 — 5 7 10 14 8 12 
Sept. 22d. © 804510 +6 8 23 81 2 20 
Jan, 4th. © 17 36 12 — 2 40 25 17 9 27 
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Prostem VIII. 

From the observed altitude of the moon’s upper or lower limb, her semi- 
diameter and horizontal parallax as given in the Nautical Almanac, 
and the latitude of the place of observation, to find the true altitude. 
To the semidiameter from the Nautical Almanac, apply the aug- 

mentation corresponding to the altitude from Table 14; and from the 

horizontal parallax as given in the Nautical Almanac, subtract the 

reduction corresponding to the latitude, Table 12. 

Then correct the altitude for index error and dip, as in the pre- 
ceding problems, and add or subtract the augmented semidiameter 
according as the lower or upper limb is observed, and the sum or 
remainder will be the apparent altitude of her centre, to which add the 
correction of altitude from Table 24, and the sum will be the true alti- 
tude. 

EXAMPLE. 

If the apparent altitude of the moon’s Jower limb be 40° 26° in lati- 
tude 58°, her semidiameter, from the Nautical Almanac, being 16’ 2”. 
and horizontal parallax 58! 47”, the index error of the instrument 5/ 2” 
-+-, and height of the eye 14 feet, required the true altitude ? 


)’ssemidiameter 16’ 2” Horizontal parallax 58/ 47” 
Aug Table 14... ll Reduction, Tablel2 11 © 
Aug semidiameter 16 13 Reduced parallax 58 36 
40° 26! 0" observed altitude ar 
TABLE 24. + ‘5 2. indéxerror 
Min, )’s Parallax 58 40s) 
O Aq! olan Mis . 
Nigapp edt ae 40’... 42/47 ‘7? 3 41 dip 
4. 4 hive Quien at 
Sec parallax } ue 22 + 16 13 semidiameter. 
O en ions aA ae 
Cor y's appalt ..see. 43 17 43 17 correction ofaltitude. 


AL 26 51 true altitude. 


EXAMPLES FoR EXERCISE. 
In each of the following examples, the moon’s true altitude is 
required ? 


Height Answer. 
Lat. Observed Alt. Index Error. Hor. Par. Semidiam. Mate fc True Alt, — 
) rr Va ad eathy poh 7 eae O80 ve 
48 2 53 18 20 +5 2 58 14 15 53 14 o4 9 34 
20 2,49 248 -—.4 26 60 27 16 29 19 49 49 28 
K fe) 20) (14°23) deo ALL 54 30 14 52 0 57 20 46 
32 2 63-42 4 +412 55 29 15 8 2 64 22 3 
10 Weed A Os) ne 20 o4 14 14 47 6 20 32 34 
Oe etre re (2S RE ALAS 09 38 16 16 23 7 7 35 
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Prostem IX, 
To find the polar distance of a celestial object. 


When the declination of the object and the latitude of the place are 
of contrary names, add the declination to 90°; but when they are of 
the same name, subtract the declination from 90°, and the sum or 
remainder will be the polar distance. 


| EXAMPLES. 


1 Lat. Declination. Polar Dist. 
meee. es 14'S oie TB ee! 
DMEwiee es TG ON ecccesss | (a OF 
Peet lO 40) 8. veceedew ( 49!) 20 
en Gey. INiiecsceese 90. 82 


Propiem X. 


To find the apparent Greenwich time when the sun is on a given 
meridian, 

The longitude in time, 7f west, is the Greenwich apparent time, after 
noon of the given day; but if eas/, subtract the longitude in time from 
24 hours, and the remainder is the Greenwich apparent time, after noon 
of the preceding day. 

Thus, on May 4th, in longitude 20° east the sun is on the meridian 
at 24h — Lh 20min = 22h 40m, Greenwich apparent time May 3rd. If 
the longitude had been west, the app time at Greenwich would have 
been Lh 20m May 4th, 


OXAMPLES FoR EXERCISE, 


Required the apparent Greenwich time date, when the sun is on the 
following meridian, on the days named ? 


’ Answer. 
Long. h m 


1. April 4th ...... 1389°E ..... 14 44 April 3rd 
2, May 17th ...... 48° W ...,. 8 12 May 17th 
SMES, ve tie 107 W. vc eeurd. 4 Oct. 4th 
meer. 16th <2... 42° BE oe 0.062112 Mar: 16th 


This problem is used in getting a Greenwich date for correcting the 
sun’s declination, when the latitude is found by the meridian altitude 
of the sun, or the error of a chronometer by equal altitudes of the sun. 
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Prosiem XI. 


To find the apparent Greenwich time when any star is on a given 
meridian. 


To the time of its passing the given meridian, found by Problem 5, 
apply the longitude in time asin Problem 4, and the result is the re- 
quired apparent time at Greenwich. 

Thus it appears,by Prob. 5, that Altair is on the meridian of Peters- 
burg at 6h 37m 27°6s; and the long. of Petersburg, 2h 1m 16s east, 
subtracted from this, leaves 4h 36m 11° 6s, the required Greenwich time. 


PropLem XII. 


To find the Greenwich time on any day when the moon is on a given 
meridian. 


Take the mean time of the moon’s passing the meridian of Green- 
wich and the daily retardation, from the Nautical Almanac, and to the 
longitude in time add the correction from Table 17. . Add this sum to 
the time of meridian passage at Greenwich, if the longitude is west, but 
subtract it from that time if the longitude is east, and the sum or the 
remainder will be the Greenwich mean time when the moon is on the 
given meridian. 


EXAMPLE, 


The moon passing the meridian of Greenwich in March, 1836, as 
under, required the Greenwich time when she is on the meridian of 
43° W on March 4th. 


March, 1836. 


Day. Mer. passage at Greenwich. . 
h ee Ns 

ES ee we UTE 7 

Bik sane os op «le ae iae 

Sarat eats Oris hee ea AG oy 

RDS His Vets es os 

DE AA GEE, ov (Aa OLEY 

| Rn GS a 157 O24 


It appears that on the given day the moon is on the meridian of 
Greenwich at 13h 34:Im mean Greenwich time, and the. difference 
to the following day is 47m. In Table 17 with long. 43° and daily 
difference 47 the correction is about 5°5m, which added to 2h 52m, the 
longitude in time, gives 2h 57°5m. This added to 13h 34° Im, gives 
16h 31°6m, the required mean time at Greenwich. 
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EXAMPLES FoR EXERCISE. 


Required the mean Greenwich time when the moon is on the follow- 
ing meridians, on the days respectively named ? 


1836. Long, Answer. 

h m 
Bremen) 2nd, ...... 190° E..... - 2 27°3 March 2nd 
Se 1) Gee ' Cr 18 10°1 March 4th 
ieee... ,+ DOW... 65s 18 21°1 March 5th 


MAterOt ss... «DS Eee. 10° SFU: March: 5th 
Maten Brad ...... 112° W ...... 20 28°% -March 3rd 


ee Se ee 


PropLtEm XIII. 
To find what bright star will be on the meridian first after a given hour. 

To the apparent time add the sun’s right ascension, and the star in 
Table 23, or any other catalogue of stars, whose right ascension is 
next greater than the sum, is the required star. 

Thus, at 9h P.M. app. time, when the sun’s right ascension is 
Ah 2 m, the star Spica, whose right ascension is next greater than 
13h 2m, is the bright star that may be first expected on the meridian. 

Note. In this problem the sun’s right ascension may-be taken for 
noon of the given day. 


EXAMPLES FOR EXERCISE. 


What bright star will pass the meridian first after the hours named on 
each of the following days ? 


h m Answer. 
iememieating 1525 ,...., SU . & Rayo. 
Beene Stu, 1826 ..... - 10 17... Deneh, Leo, 
Pe 6 a a bP ie 8 Sah pes ae . Alderamin, Cepheus. 
A, 


Memento? «.,... 11 15°40... Ros Algethi, Hercules. 


Prostem XIV. 


To find the sun’s declination, &c. for any given hour of’ Greenwich 
time. 

Take the required element and its daily change, from the Nautical 
Almanac or other Tables, for the mean or apparent Greenwich noon 
of the given day, as it may be given; and add together the logs 
from Tabs 30 of the Greenwich time and the daily change, taking 
minutes and seconds, if necessary, for hours and minutes in the Table, 
and the sum is the log of the correction in the same Table, taken in 
the same manner as the daily change is found. Add this to the value at 
the preceding noon, if increasing, but subtract it, decreasing, and the 
result is the value at the given time. 
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EXAMPLE. 


Required the sun’s right ascension and declination, and the equation 
of time, Aug. 24th, 1823, at 13h 40m Greenwich time? 

Greenwich time 13h 40m Tab. 30, 2446 

©’s declin Aug. 24, 1823, Tab.19, 11° 19’ 10”— 90°21". FP attewe aay 


Cor — 11 35 ditto 3163 


————— ae 


11 7 35 Declination. 


Here 20! 21" is taken as 20h 21m; and 11’ 35” is put for 11h 35m. 
Greenwich time 13h 40m Tab. 30, 2446 
©’s R.A. Aug. 24,1823, Tab. 21,10h 10m 9s + 3m41s ditto 8140 


—— 


Cor. yh ditto 10586 


a ee ooo 


10 12 14 Right asc. 


——— td 


Here 3m 41s is taken as 3h 41m, and 2m 5s is put for 2h 5m. 
; Greenwich time 13h 40m Tab. 30, 2446 
Eq. Time, Aug. 24, 1823, Tab. 22, 2m 19s — 16s ditto 1761] 


Cor. 9°] ditto 4207 


ee ee 


2 9-9 Eq. time. 


Here 16s is taken as 16h, and the correction, which in the Table is 
9h 7m, is taken as 9s 7th = 9s°1 nearly. 

When the daily change exceeds the limits of the Table, enter with 
one half of it, and double the result. 

In the same way may the right ascension and declination of a planet 
be taken from the Nautical Almanac. 


EXAMPLES FoR EXERCISE. 


Required the sun’s right ascension, declination, and the equation of 
time for the Greenwich apparent time dates in each of the following 
examples ? 

Answer. 
Greenwich App. Time, Declination. Rt, Ase, Eq. Time. 
hm °s h’, m ‘ose aneeee 
1. Oct. 6th, 1824 6 42 12 53 18’ 33” S .12 49°27) 00% Se*7 "sue 
2. May 27th, 1825 20.4615 21. 26 1°31. N . 4 194 So BeeO stub 
3. Nov. 14th, 1822 18 340 18 22 34 S 15 19 44 15 16°5 sub 
4, Feb. 6th, 1823 21218 15 44 18 S 2118 4 14 24°4.add 


Propiem XV. 
To find proportional parts of the change of the moon’s right ascension, 
declination, &c., for intervals between every third hour. 
" 'To the proportional logarithm, Tab. 29, of the change in 3h, add the 
proportional logarithm of the time past the preceding third hour, and 
the sum is the proportional] logarithm of the required proportional part. 
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EXAMPLE, 


What is the change of the moon’s right ascension in lh 47m 20s, 
when in 3hitis 1° 36’ 35”? 


lh 47m 20s prop log *2245 
1° 36’ 35 ditto °2704 


a) 


Req change 0°57’ 36” ditto “4949 


This change applied to the value at the preceding third hour will 
give the value at the given instant, second differences (that is the varia- 
tions in the rate of change during the interval) being neglected. 


EXAMPLES FoR EXERCISE. 


Required the moon’s right ascension and declination at each of the 
following Greenwich dates, using only even proportion, and taking them 
for every third hour from Table 32? 


Answer. 
Rt. Asc. Declination, 
hi ms h m 5s Pe ea oer, 
1. Sept. 4th, 1823 4 20 10 HO Go ES 5 28 39 N 
2. Sept. 19th, 1823 | 143 55 2, alee G 14. Ni 
3. Sept. 7th, 1823 8.26: 9 13 15 46 13 32 52S 
4, Sept. 22nd, 1823 22 5 46 2 10 41 18) 20-8. W 


Prosptem XVI. 


The moon's right ascension, declination, §c., being given for every 
third hour, to fend them exactly at intermediate times. 


Find, as in the last problem, the approximate value, which, in general, 
will be sufficiently exact for ordinary purpose. —But when the greatest 
precision is required, take the two values which precede, and the two 
which follow the given time, and half the difference between the sum of 
the first and fourth, and that of the second and third, is the second differ- 
ence. Reduce this into seconds, and multiply it by the number from 
the following table, taking the argument at the top, and if the sum of 
the first and fourth is the less, add the product to the approximate 
value of the right ascension already found; if the reverse, subtract it; 
and the sum or the remainder will be the correct value-—But always 
add the correction to the approximate, to find the correct declination. 

Note. When the declination changes from north to south, the cor- 
rection for second differences may be disregarded. 


> Q 
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Table of multipliers for second differences for intervals of three hours 
and one hour. 


foe) 


a m 


Time past the 0 0 
preceding 3rdhour.| 3 g 


Multiplier for | -000 | -038 | *069 | -094 | +111 | +121 | +125 
second diff. 


h 
Time past the 0 "5 
preceding hour 1 55 50 45 40 35 30 


EXAMPLE. 
‘ Required the moon’s declination Sept. 24th, 1823, at 13h 15m ? 


»’s declin Sept. 24th. 
9h 23°36! 44” 1h 15m prop log ‘3802 


12° 23 56 9 418’ 7 ditto °9972 


Pk ial dl Ml ll 13774 proplog + 7 33 
a if o | Approximatedeclin 24 3 42 
oe le ok 3 Cor + 9°6 

2) 2 39 Pubes 


ee 


Correct declin 24 3 51°6 


1 19°5 = 79""5 second diff +. 
Below 1h 15m stands +121, and *121 x 79/'5 = 96, the correc- 
tion for second diff +. 
EXAMPLES FOR EXERCISE. 


Required the correct right ascension and declination of the moon in 
each of the examples to the last problem ? 


Answer. 
Rt. Asc, Declin. 
> B's s iit, Se 
it 10 33 15°2 5 28 41 N 
2. 14. (3 5479 85 Bee ie: Mile Si 


3h 8 26 9 13 32 55S 
4, 22 5 44°6 18 27 12 N 
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o 


ProesLtem XVII. 


To find the right ascension and declination of the moon for any given 
Greenwich time, when given for every hour, as they are now in the 
Nautical Almanac. | 
Take the right ascension and declination for the given hour, and 

the change to the succeeding one, from the Nautical Almanac ; and to 
the proportional log of this change, add the proportional log of the 
minutes and seconds in the given Greenwich date, and the constant 
log. 9°5229, and the sum, rejecting 10 from the index, will be the pro- 
portional log of the part for minutes and seconds, to be added to or 
subtracted from the element at the given hour, according as it is in- 
creasing or decreasing. 

The proportional part of the right ascension may be found more con- 
veniently and accurately, if the decimals of seconds on the hourly dif- 
ference be reduced to thirds, and the minutes, seconds, and thirds be 
then taken as hours, minutes, and seconds; and the hours, minutes, 
and seconds in the result be accordingly taken as minutes, seconds, 
and thirds, respectively. 


EXAMPLE. 


Let it be required to find the right ascension and declination of the 
moon on a given day at 4h 13m 46s, when on that day at the cor- 
responding hours, the Nautical Almanac shows the right ascension and 

declination to be as follows: 


Rt. Asc. Declin. 


m 8 ° Ml 


h / 

2 50 23°29 14 58 . 52°3 
Prene 078 2 ab PLO oe 
2 54 12°44 15 21 143 
2-986 6.27 15 82 19°6 


OR wp 


Here the change of declination from 4h to 5his 11’ 91, and of right 
ascension Im 54°66s = 1m 54s 39°6th, which take as lh 54m 39°6s. 


Time past4h, OhI3m46s PL 11164 1°1164 
Hrly. ch, of R. A., th 54m 39°6s PL 1958 Hrly. ch. of Declin. 11/ 91 PL 1:2079 
Const. 9:5229 @eenspeeeeveeseteoe eeeesve a eeooe 95229 


Cor. R.A. 26m19sPL 8351 — Cor. Declin. 2/ 23/5 PL 18472 


——— oy 


Or 26s 19m = 26°32s Declin.at 4h 15°10! 5/2 
R.A. at4dh 2h52m17:78s Req. Declin, 15° 12/ 38/7 
Req. R.A, 2h 52m 4410s 


Q 2 


So 
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In cases where extreme precision is required, these results may be 
corrected for second differences as in the last problem, the argument 
for the multiplier in this case being found at the bottom of the table 
given in the last problem. 

Thus, reverting to the extract above given from the Nautical Al- 
_ manac in the example under consideration, we have the sum of the 
right ascensions at 3h and 6h = 5h 46m 30°56s, and at 4h and 5h, 
5h 46m 30°22s, half the difference of which is *1%s —, and for declina- 
tion the second difference found in the same way is 3/8. 

Now in the above table the multiplier corresponding to 13m 46s, is 
about ‘088, therefore ‘17s x ‘088 = 0°15s, the correction of R. A. ; and 
3”°8 x ‘088, = °3” the correction of declination. 


h m 8 


oO / Mf 
Approx. R. A. as above 2 52 44:10 Declin. 15 12 38°7 
Cor. for second diff. ... E015 + °3 


From R. A. ..eceeeees 2 52 44:°085 Declin. 15 12 39 


EXAMPLES FoR EXERCISE. 


The right ascension and declination of the moon being given in the 
Nautical Almanac as under, for the corresponding hours of mean 
Greenwich time, viz.: 


September 13th, 1835. 


Hours. y’s Rt. Ase. )’s Declin. 
hm i s O 4S Siete 

0 3 59 31°53 20 34 346 N 
1 4-1 32-77 20 42 59:1 
2 4 3 34:24 20 51 18°3} 
3 4 5 35:93 20 59 32:1 
4 4 7 37°85 21 % 40°6 
5 4 9 39:99 21 15 43°6 
6. 4 1] 42°36 21 23 41°2 
ue 4 13 47-79 21 39 19°6 


{t is required to find them accurately for each of the following 
Greenwich dates ? 


ANSWER. 
Greenwich Time. 
Sept. 13th. Rt. Ase. Declin. 
hm s h m s ae, Wi 
1. 2 46 13 4 5 7:95 20 57 388 
2. 4 20 506 4 8 2023 21 10 286 
3. 5 4% 34:3 4 9 55-42 21 16 44-0 
4, 642 98 413 847 21 29 13'8 
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Prospitem XVIII, 


The noon's semidiameter and horizontal parallax being given for the 
noon and midnight of every day, mean Greenwich time, to find 
them for any given Greenwich date. 

Take them from the Nautical Almanac for the noon or midnight 
next preceding the given date, and the change till the following noon 
or midnight. Multiply the change by the hours and decimals of an 
hour in the time past noon or midnight; divide the product by 12, and 
the quotient will be the correction to be applied to the value at the pre- 
ceding noon or midnight, to obtain the value at the given time. 


EXAMPLE. 


The moon’s semidiameter and horizontal parallax being as under, 
per Nautical Almanac, it is required to find their value on Qc- 
tober 3, 1835, at 16h 40m 12s, Greenwich mean time. 


Oct. 1835. )’s Semidiameter, y’s Hor. Parallax, 
Day. Noon. Midnight. Noon. Midnight. 
/ Wl / wu / “ / “ 
1 15)41°8 [37:2 57 3652 57 19°4 
2 13) 32:7 15 28°4 De ae 56 46°9 
3 15 24°1 15 19°9 56 31°2 56 15°8 
4 35) 45*8 15 11:9 56 0°8 55 46°4 
5 false 15 4°4 55 32°4 55 19°] 
6 $5. 1-0 14 57°8 55 6°4 54 54°6 


16h 40m 12s is 4h 40m 12s=4'67h past midnight; the semi- 
diameter at midnight is 15’ 19”9 — 4/1, and the parallax at mid- 
AN XNA OF 


e = 1/6 correction of semi- 


night 56’ 158 — 15”. Hence 


15s x 4°67 

OE 
diameter therefore, at the required time, is 15’ 19/9 — 1-6 =15/ 183, 
aud the horizontal parallax 56’ 15-8 — 5°8 = 56/10”. | 


== 5/8 correction of parallax. ‘The semi- 


diameter, and 


EXAMPLES FOR EXERCISE. a 


Required the semidiameter and horizontal parallax of the moon at 
each of the following dates, Greenwich mean time. 
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, ANSWER. | 
Semidiameter. Hor. Parallax. © 
h m / “ egg 
Oct. 2d, 1835 7 15 15 30°71 56 53'2 
55 abt ENG 3 19 24 15 96 ! 55 37:8 
eemotin + A, 13 38 15 . 3:9 15. ida 
sf ksh sy 3, 4 5] 15 39°9 57 29-4 


In nautical astronomy the nearest second in the semidiameter and’ 
parallax may always be taken, and the decimals of an hour in the 
minutes and seconds of time need not be carried beyond the first 
place. 


To deduce the latitude from the observed meridian altitude of a known 
celestial object. 


If, in the annexed figure, A C be the intersection of the plane of the 
meridian and that ofthe rational horizon, 
and F D its intersection with the plane 
of the equator; and if Z be the zenith, P 
the north and E the south pole, and S the 
true place of a celestial object on the 
meridian; then SA is its meridian alti- 
tude, S Z its meridian zenith distance, 
and 8 Fits north declination ; and if 8’ be 
the place of the object, S’ A is its altitude, 
S’ Z its zenith distance, and S’ F its 
south declination ; if S” be the place of the object, S!’ C is its altitude, 
S” Z its zenith distance, and 8S” F its north declination. 

Now re ia a or S'Z —S’ F, or 8” F— 8’ Z = Z F the 
latitude. 

Hence, for any object, from its observed find its true meridian alti- 


tude, and the complement of itis the meridian zenith distance ; to be - 


called. north when the object is south, and south when the object is 
north, of the observer. ! D 
Find the Greenwich time of meridian passage by the preceding pro- 
blems ; and for that time find the object’s declination. 
Then if the zenith distance and declination be of the same name, 
that is, if they be both north or both south, their sum is the latitude; 


but if they be of different names their difference is the latitude, and. at. 


is always of the same name as the ereater. 
The declination of the sun, moon, planets, and principal fixed stars, 
We sive in the Nautical Almanac, the sun’s both for apparent and 


mean noon, the moon's for every hour, the planets’ for every hour of - 


mean Greenwich time, and those of the fixed stars’ for the Greenwich 
time of meridian passage for every tenth day in the year. 


P ¢ eta i 
ee OO ie a os 


ee te i al = ere 
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The declination of the sun may be taken with sufficient exactness for 
practice at sea from Tables 19 and 20 of this book, and the declinations 
of the fixed stars from Table 23. 

Note. It is perhaps difficult, under any circumstances, to obtain at 
sea an altitude that can be depended on to much nearer than a minute ; 
it will therefore, in general, be sufficiently exact in sea practice to take 
the semidiameter and other corrections to the nearest minute; and, in 
finding the latitude at sea, the small corrections for the parallax of the 
sun and the planets may be safely disregarded. 


EXxampue I. 


If the meridian altitude of © be 56° 20’ 30” S, on May 4th, 1845, 
in longitude 31° W, height of the eye 20 feet, required the latitude ? 


As the long is 31° W the Peal 


° On [ann ? 1 
time 18 Ph. 4m. P. M., May 4. * e ° 56 20 30 alt © S. 


+ 4 24: dip. 
56 16 6 
— 38 refraction. 
36 15 28 
©’s dee for noon, Greenwich time, + 15 52 semidiameter. 
May 4, 1825, Table 19 . « . 15°57/37!" + 17/15!’ ——_—— . 
Reduction to 1845, Table 20. . + 2 33 56 31 20 
—_—_— + 5 parallax. 
16 00 10 es 
Cor for Green time, Table 30. . + 1 29 56 31 25 true altitude. 
. aS 90 


CALLS LI 33 9935) vanith distiN’ 
16.1: 39 GechinahionN: 


Tristan. le tle lf CG C1 COGN 


49 30 14 latitude N. 


—_— 


Examece II. 
On September 19th, 1823, in longitude 51° K, the meridian altitude 
_ of 2 was 36° 52’ N, height of the eye 30 feet, required the latitude ? 
Per Nautical Almanac, (see Table 32,) ) ’s mer pass at Greenwich 11h 37m +- 44m 


Long in time E Sh eam Ces ROE 
en Pabelt7.<s4- 6 


Greenwich time .. . 


Hod Ce 3h 


0 ae eet Mats tye 

)’s declination at 6h Greenwich time 0° 48/26/S ns a 

. aS 9h a agi 8 LR ee eet 

Change in 3 hours . . . ¢ 0 4145 prop log 6346 
Time past 6hours . . . . . « 2h 7m SRNL eh aS 


———- 


Change of )’s declination in2h7m . 0° 29/27" prop log 7861. 
oe 10) Ao 20 9 * 


Declination at time of observation . 0 18 59 S disregarding second 


ee 


Declination at 6 hours 


differences. 
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The horizontal parallax and semidiameter taken from the same Table, 
or from the Nautical Almanac, are 15’ 13” and 55’ 497, 


Observed altitude 2 . . » 36°52) OV N 
Semidiameter 15’ 13// 


2 
Aagivalaaieee a tet a ate LO ie 


3/7. 7 22 
Dip 8 © _@ e e e ° Ter" 5 24 
37) obs 


Correction, (Table 24,) . . -+ 43 18 


True altitude. . 6 « « 37 45 16 
90 


Zenith distance . . .« . 52 14448 
Declination rah. 36097 208} et OSB Bae 


Latitude 7%. 0"... Ps Soa eo eee 


Examp.e III. 


If the meridian altitude of Rigel be 85° 6’ S, on November 25th, 


1848, height of the eye 20 feet, required the latitude ? 
%’s dec Jan. 1, 1820, (Table 23,) . . 8° 25’ 2S Observed alt. 859 6’ 0”'S 


Annual var — 4:74 x 28-9 years = — 217 Dip P| 4 24 
Declination at time of observation . . 8 22 45S 85 1 36 
— Refraction « 5 

85 1 31 

90 0 0 


Zenith dist. 458 29 
Declination 8 22 45 


Latitude . 324 16S 
EXAMPLES FoR EXERCISE. 


hn A 


In each of the following examples the latitude is required. 


Date Long. by Meridian Alfitade, be eid Bie es oe 


Account, 


Z, 
2 


a | 5 
rr 


59° 14! 22S 16ft. | 51° 44 2" N 


1 | May 23,1822 | 62°F | @ 

2) May 1, 1823'/"47 Wi]. ©. 69-3016 58 | 14 2) ga eieoe de 
3 | Mar. 9,1866; 4 E| tT 3218 50 N| 16 « | 62 3037 § 
4 | Aug. 95,1822 [045 W). © |.26.°5 47 NIB ae 40717 Ss 
5 | Sept. 2,1850] 55 E | © 8513 20 N/| 22 3 2612 N 
6 | Nov. 14, 1823} 163 W/ @© 2136 2 S|} 12 {|4959 1 N 
7 |) July 26,1841} 13 W| © 1614 34 Ni 18 |5442 065 
8 | May 8,1872/105 W| © 76 3 16 N| 10 3 35 16 N 
9 | Sept, 9,1823} 4k YZ 12532-04916 =e oe 
10 | Sept. 11, 1823 | 160 E 2 .19 43.0. S.| 28.) 84s Sordeaee 
11 | Sept. 17,1823) 18 W| D 56 1 0N{ 18 | 43 3459 § 
12,| Sept. 21,1823 | 0 3 OPP 20 0 Nae ) Sas 
13 | Nov. 12, 1823 Marcab 45 48 40 S 9 | 58 3047 N 
14 | May 23, 1835 Antares55 26 17 N}| 13 | 60 41 26 § 
15 | Dec. 11, 1830 Capella 81 34 0 S} 13 | 54 1850 N 
16 | Nov. 5, 1826 Altair 57, 2 30 S| 18), | 41) 27 aay 
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To find the latitude from the observed altitude of a known celestial 
object when on the meridian below the pole. 


_ In the last figure F P and Z C are quadrants, if therefore the com- 
mon part Z P be omitted from each, P C, the elevation of the pole above 
the horizon, will be left equal to F Z the latitude. Hence if S” be an 
object on the meridian, below the pole, 8S” C its altitude, added to S’” P 
the complement of its declination, will be equal to the latitude, and of 
the same name with the declination. 

Now the sun is on the meridian below the pole 12 hours after noon, 
therefore if the longitude in time be added to or subtracted from 12 
hours, according as it is west or east, the Greenwich time at which 
the sun will be below the pole will be obtained. If to the time of the 
moon’s passing the meridian, determined by Problem 5, page 216, 12 
hours, and half the daily difference of her meridian passage be added, 
the sum will be the time at which she will be below the pole; and, if 12 
hours be added to the time at which a planet is on the meridian, the 
sum will be the time at which it is below the pole, exactly enough to 
compute its declination for finding the latitude at sea. 

Let then the declination of the object be taken out for the instant of 
Greenwich time at which it passes the meridian below the pole, and 
to the complement of its declination add its true altitude, and the sum 
will be the latitude, of the same name with the declination. 


EXAMPLE. 


If the altitude of © on the meridian below the pole be 60° 26’, on 
July 4, 1822, longitude 21° W, height of the eye 18 feet, required the 
latitude ? 


h m 


12 0 @’s declination at noon. 22°56! 5//N—5’ 17” 
LongintimeW + 1 24 Cor for Green time, Tab,30 — 2 56 


Greenwich time 13 24 Reduced declination . . 22 53 9 N 


“aR 90 


° 
for) 
QQ 
[=r) 
or 
tom 


Co-declination . » » 


Observed Altitude © AS OS EE Ua OF 2G 0 


Ma eae ad eth eo bets ~- 4 il 

“6 21 49 
Correction for parallax and refraction .« . — 7 54 

6 13 55 
Semidiameter. »~ +6 «© © «© « ‘ 15 46 
fepue aititude | .7 Sh Soh or) Sate we) 6) B94 > 


Co-declination Save Mower’ St) Of eg OF 
. 7a ooroa” IN 


ee 


Lat itude ° e a e ° ° ° e e 
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EXAMPLES FOR EXERCISE. 


In each of the following examples the latitude is required? 


No. Date, Kong. by | altitude below the Pole, i a Latitude, 
1 | June 16, 1846 18° © 16° 34/ 15ft. 83°20 16/7 N 
2 May 4, 1868 35 W PCa) 9 28 20 83 16 14 N 
3 | Dec. 4, 1836 14 W © Ze 15 69 46 8 § 
4 | Aug. 13, 1850 42 W OQ sya 14 78 44 14 N 
5 | Sept. 12, 1823 30 W 2) 11 40 18 Ji, 2 20-8 
6 | Sept. 24. 1823 140 EK ) 4°50 20 70 43 18 N 
7 | Dec. 10, 1863 Vega 18 35 21 69 48 8N 
8 | June 16, 1840 Capella 30 26 16 74 30 35 N 
9 | Nov. 20, 1857 Antares 14 18 12 78 410 S 
10 | April 5, 1871 Arcturus 8 40 17 78 38 37 N 


To find the latitude from the altitude of the North Polar Star at any 
given time. 


The distance of the pole star from the pole is so small, that the circle 
which it describes. may, without material error, be considered as a plane, 
of which the pole is»the centre, and the star’s polar distance the 
radius. When the star is on the meridian above the pole, its altitude 
exceeds that of-the pole, or the latitude of the place, by its polar 
distance ; and, when it is on the meridian below the pole, its altitude is 


less than the latitude by the same quantity. When six hours distant 


from the meridian, its altitude is nearly the same as the altitude of the 
pole, andin nautical practice may be taken for it; in all other situations 
its polar distance may be considered as the hypothenuse of a right- 
angled plane triangle, of which the perpendicular is the difference. 
between its altitude and that of the pole, and the acute angle included 
by those sides is the star’s least distance from the meridian. To the 
apparent time at the place of observation add the sun’s right ascension, 
and the sum is the sidereal time; from this subtract the star’s right 
ascension, (increasing the sidereal time by 24 hours if necessary,) and 
the remainder is the star’s westerly meridian distance. 

Reduce this meridian distance into degrees, and, if less than 90°, con- 
sider it as a course; if between 90° and 270°, consider the difference 
between it and 180° as a conrse; and, if it exceed we the 
difference between it and 360° as a course; with this course, and the 
star’s polar distance in minutes as a distance, take from Tab. 2 the diff 
lat, and add it to the star’s altitude when the meridian distance is between 
6,and 18 hours; otherwise subtract it, and the sum or remainder is 
the latitude, alvin north. 

Note. An error of a few minutes in the apparent time, or in the 

right ascension, will, in any case, produce but a trifling error in the result ; 
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but the nearer the star is to the meridian, the less effect will any mistake 
in the time have on the: latitude; and the right ascension may always 
be taken to the nearest minute. 


- 


EXAMPLE. 


If the altitude of the pole star be 46° 18’, at 9 h 26m P. M., October 
7, 1836, in longitude 16° W, height of the eye 13 feet, required the 
latitude ? 

’ The Greenwich time of the observation is 10h 30m, and the sun’s 
right ascension reduced to that time is about 12h 54m, the star’s, lh 
Im, and its polar distance 94’. 

Hence 9h 26m + 12h 54m — lh Im = 2lh 19m = the star’s 
meridian distance, and it is therefore above the pole. Now,21h 19m 
= 320° nearly, and 360° — 320° = 40°, with which, asacourse, and 
94 as a distance, in Table 2, we have nearly 71’ in the latitude column 
to be subtracted from the star’s true altitude. 


Observed altitude .......... 46° 18/ 
Dip and refraction....:..... 4 
Merve Mite ski ke eee eS 46 14 
Correction, Table 2 ...... — ill 
MIU te et he ee eas Seti NS piles Salty 


EXAMPLES FOR EXERCISE. 


In the following examples the latitude is required to the nearest 
minute ? 


Date. Long. by : Alt. of the | Height of Set; 
No. Civil Time, anertnt, Hour, &e. Pole Star. | the Bye. Latitude. 


Dec. 11, 1850 | 25° W | 4h 2mA.M. | 28° 39’ 42 fh 299) 21" 
Seppe icre.| 3 EK |} 11 17 P.M.| 56. 2 16 Sy ewe 8 
July maetooo | ol. W,|.8 40 “P.M ("12 35 20 13° 34 
Aug. 26, 1850 | 42 W | 3.31 A.M.| 56 28 20 54. 56 
W 
EK 


Sept. 14, 1828 |, 36 10 .0 P.M. }.39 50 14 38 46 
Noy. 20, 1825 | 2 114 A.M.| 60 4 16 SN gt 


Oo Oo hoe 
224444 


To compute the latitude from two altitudes of the sun, observed on «@ 
given day, and the time elapsed belween the observations. 


Find the time at Greenwich corresponding to the middle time 
between the observations, by Problem 4, page 215; reduce the sun’s 
declination to that instant, and thence find his polar distance, by 
Problem 9, page 22]. Compute the true altitudes by Problem 7, 


% 
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page 218, and, if the ship has changed her place in the interval between 
the observations, ‘the first altitude must be reduced to what it would 
have been if taken at the same place with the second. The correction 
for this purpose may be obtained thus: Take the angle included between 
the ship’s course and the sun’s bearing, at the first observation, as a course 
in Table 1 or Table 2, or the ddplentent of that angle, if it exceeds a 
right angle; and to the distance sailed in the interval, as a distance, the 
required correction will be found in the latitude column, being the 
minutes which the ship has sailed towards or from the sun. ‘This 
correction must be added to the first altitude if the angle is less than a 
right angle, (in which case the ship will have sailed towards the sun, ) 
and subtracted if it is greater, and the altitude will then be obtained 
which the sun would have had at the first observation, if it had been 
taken where the second was observed. 

Having got the polar distance and the true altitudes reduced to the 
same place, take half the interval between the two observations, and, 
reducing it to degrees, call it the half elapsed time; and proceed to 
compute the latitude at the place of the second observation by the 
following rule. 

1. Add the sine of the half elapsed time to the sine of the polar 
distance, and the sum, rejecting 10 from the index, will be the sine of 
are first, which is always acute. 

2. Add the secant of arc first to the costne of the polar distance, and 
the sum, rejecting 10 from the index, will be the cosine of are second, 
which will be acuée or obtuse, like the polar distance. 

3. Add together the cosecant of arc first, the coszne of half the sum 
of the true altitudes, and the sime of half their difference, and the 
sum, rejecting the tens from the index, will be the sine of arc third, 
acute. 

A. Add together the secant of arc first, the sine of half the sum of 
the true altitudes, the cosine of half their difference, and the secant of 
arc third, and the sum, rejecting the tens from the index, will be the 
cosine of arc fourth, acute. 

5. The difference of are second and arc fourth is arc fifth, when the 
zenith and the elevated pole are on the same side of the great circle 
passing through the places of the sun at the times of observation ; 
otherwise, their sum is arc fifth, acute. | 

6. Add the cosine of arc third to the cosine of are fifth, and the sum, 
rejecting 10 from the index, will be the sive of the latitude. 

Note 1. When there is any doubt whether the zenith and elevated 
pole are on the same side of the great circle passing through the 
places of the sun, the latitude may be computed on both suppositions, 
and that considered as the true latitude which most nearly agrees with 
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the latitude by account. ‘This additional computation will give very 
little trouble, for it is only arc fifth and its cosine that will require 
alteration. | ; 

Note 2. By this method the latitude may be determined from two 
altitudes of the same fixed star, with the interval of time between the 
observations; but if the interval be in solar, it must be reduced to 
sidereal time, which may be done with sufficient exactness by increasing 
the observed interval one second of time for every six minutes, or ten 
seconds for every hour. 

Note 3. It will expedite the calculation, if all the logarithms which 
are found at the same opening of the book be taken out at the same 
time; and any little mistake in the observations will produce a less 
error in the result, if the greater altitude be observed when the sun is 
not far distant from the meridian. 


EXAMPLE. 


Tf on the 28th of February, 1868, in latitude by estimation 48° N, 
longitude 37° W, at 8h9m 4s A. M., the altitude of © be 27° 31’,bearing 
Sz E; and after running N E, 8 miles an hour, till 11h 30m 18s A. M. 
the altitude of © be 32° 40’, height of the eye 20 feet, required the 
latitude at the time of taking the second observation ? 

As the angle between the sun’s bearing and the course is 11% points, 
the ship has sailed within 44 points of the direction opposite to’ the 
sun; therefore, if the first altitude had been observed at the place at 
which the second was observed, it would have been less than it was 
observed to be by the distance which the ship has sailed directly from 
the sun. Now the distance run in the interval is nearly 27miles, with 
which, as a distance, and 4% points as a course, in Table 1, we find in 
the latitude column 18’ for the correction of the first altitude, or the 
distance which the ship has sailed directly from the sun. 


First alt @ . . 27931’ 0 Second alt © 32°40! 0” 
Dip ae es > 4 24 Dip oyts® elie: “Ty 4 24 


27 26 36 | 32 35 36 

Cor ofalt ...— 141 Corofalt .— 1 22 
27° 24 55 32°34 14 
Semidiameter . + 16 11 Semidiameter + 16 11 
Tine alt)... «27 41 6 32 50 25 


: true altitudes. 
Cor forship’srun — 18 0 07 92°) 6 


Alt reduced to) 97 93 6 Sumofalts . 60 13 31 half sum 30° 6/ 45” 
second place.) 


ae en 


Difference. . 5 27 19 half diff 2 43 39 
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Feb. 27,20h 9m 4s 
23 30 18. 
Diff. . 3 21 14, ~~ halfdiff 1h 40m 37s = 25° 9, half elapsed time. 
Sum. .43 39 22, halfsum 2] 49 41, middle time. 
Longitude in time W. ... +2 28 
Greenwich date at mid time... 0 17 41 February 28 


times of observation. 


©’s declination, February 28, 1824, (per Nautica? 


Almanac, or Table 19) ..... ss 8° 14! 16/7 S— 22! 40” 
Reduction,to 1868, (Table 20) . 0 aye) os se ee 
’ 8: G28 
Jorrection for mid time at Greenwich, (Table 30) . — V7 
(78 corrected declination |... ie) )s, iste, fue) <0), Oe Om ee 
90 
HOIBT CUSLANICO et sets lie he Ast als ° «00 ah Came 


To compute the latitude. 


9°628378 sin 25° 9/ H.E.T. 
9995646 sin 98 6 polar dist. cos 9.148915 


9:624024 sin 24 53 arc 1, sec 10°042313°-. . . . s  ~= GOSS AU ar0epe 
98 56 arc 2, cos 9191228 
10:042313 sec arc |. 
. 9:700498 sin 30° 7’ cos 9:937019 
Sites 9°999506 cos 2 44 sin 8:678405 
eae 10002103 sec arc 3. 5 38. sin 8:991377 
56 17 are 4, cos 9:744420 :..cos 9-997897 


42 39 arc Ds OTe OF a) ate ee) Cape are, Ole ee cos 9:866586 


latitude N 47° 3/ sin 9864483 


EXAMPLES FoR EXERCISE. 


The true latitude is required in each of the following examples, both 
altitudes being taken at the same place ? 


Long. Height 


Date Lat. b . : True 
No acta teat y Hour, &c, Altitude. of a3 : 
Civil time. Acct. Ost: Pi Eye. Latitude.. 
bx ey hm s Ri feet Oe 
1 Sept, 21893 | 35 6N} 60E | 9 040A.M.| 9 3530) AG |, c0 4 
1 095 P.M.|a@ 62 4 
2 | April 90,1894 | 49 3N | 20w],/ S135 A.M. [© TS of) a8 | 49 20.8 
3 Nov. 29, 1822 | 45168 | 20 w| 2 3) 16 0M. = i 48} 14 | 45.99 8" 
4 April 14,1895 | 56 08 | 130 E | 2 2653 2M) 3) 7 ee 


eee ee ee er ee ee 
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By double altitudes of the same star. | 


i 


Height 
Date, Lat. by : i : 3 True 
No Civil Time. Aces | Object. Hour, &e. Altitude. of Latitude. 
the Eye. 
hm s Shae, 
e) Arctu- re feet ot) 
5 July 12, 1823 25 17" Pi MM | 538: 28 at lee 
33 N] tus | 1155 14 P.M.| 92 16 17. | 33 21.N 
Jan. 15, 1836 ALS 10 30 O P.M 55 7 
8 AG aa ae 18 N | Sirius |“) 30 0 AIM. | 35 57 15) | ,18 20. N 
ra ; 9 412 A.M. 29 13 
a Oct, 10,1856. | 4415 N | Rigel | & 7 30 A.M.| 31 50 13 44 94 N 


In each of the following examples the true latitude is required at 
the time of taking the second observation ? 


No cine, [TARY] fy] Mouse. | snide [atic] Ghent: | ofthe | Tat 
BR May 13, 1822 | 5) 10 | 90 W a 52 14 at eee 4 2 SDE | «mnitesperhou| 20° | 6198 N 
9 | Feb. 11, 1823 erate sco) Se ah SW oho eae out [ieate | 59.16 2 
1). |, AUge 135 : @0.N ow i 0 0 aw. é 69 10 een 35 BUN “ Spare 
| avant [oo anlrow | RUER| ORB swam wa yu) 7 [me 
a Mar. 10,1823 | 55 30 S now! 24822 a o #y LUNN Ee tains ver nevol eel oe - 
is | atex sao mea be haw | co 18 ENE |4 saios to) pou! 2 boats 


To compute the reduction to the meridian, and thence to find the 
latitude from an altitude observed when an object is near the 
meridian. 


For the Greenwich time, by account, take the object’s declination, 
and add it to the latitude by account, when they are of different names ; 
otherwise, take the difference of the declination and the latitude by 
account, and the sum or the remainder is the meridian zenith distance 
by account. 
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If the object be the sun, the apparent time from noon is the meri- 
dian distance; for any other object,add the sun’s right ascension to 
the apparent time, and from the sum subtract the object’s right ascen- 
sion, and the remainder is the meridian distance. 

Then add together the cosine of the latitude by account, the cosine 


of the declination, the cosec of the meridian zenith distance by ac- — 


count, and twice the sine of half the meridian distance, in degrees, &c. 
and 5°615455, and the sum, rejecting the tens from the index, is the 
logarithm of a number of seconds, which subtracted from the true 
zenith distance, deduced from the observation, gives the meridian 
zenith distance. If this and the declination are of the same name, 
their swm, otherwise their difference, is the latitude, and of the same 
name with the greater. 


EXAMPLE. 


Tf in latitude by account 48° 12’ N, when the sun’s declination is 
16° 10'S, at Oh 16m P.M., apparent time, the sun’s true zenith dist, 
be 64° 40’ N, required the true latitude ? 


Lat by acct ........ 48°12’ N. cos 9°§23821 
Declination... 2... . 1610 8S. cos 9°982477 
Mer zen dist acct .... 64 22 cosect 10°044995 
etal iver “dist.'. 86. 6 ee 2. sin 17°085638 

Const log 5°615455 


60) 357” log 2°552386 


— ————. ——— 


5’ 57” reduction. 
64°40! 0” zen dist from obs. 


—— 


True mer zen dist 64 3843 N. 
Declination ...... 16 10 0 = S. 


Latitude". 2h | 48 243. -N, 


EXAMPLES FOR EXERCISE. 


In the following examples the latitude is required to the nearest 
minute ? 


Date, Lat. b Long. Height 
No.| Civil Time, are by App. Time, Object. | Altitude of meee 
Acct. the Eye. “+ 
a? ° hm s feet. sity 
1 | Aug. 7, 1824 | 40 55 N |38 W| 11 38 10 A.M. rol 65 18S 14 40 42 N }. 
2} May 5,1895 |) 9914S |16EB 0 20 P.M, 2 44 1N 17 2931.8 
3 | Nov. 2,1830 | 50 50 N |12 W| 92 2113 A.M. | Aldeb. 155 10S 12 50 47 N 
4 | June26, 1893 | 47 12 N |98W]1010 4 P.M, |Antares| 16 40S 20 47 I3 N 


oy 
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Note. If, when the sun passes the meridian near the zenith, equal 
altitudes be taken a short time before and after his meridian passage, 
half the difference of the times may be taken as the meridian distance 
to be used with either altitude in computing the latitude by this problem. 


ON FINDING THE VARIATION OF THE COMPASS BY 
CELESTIAL OBSERVATIONS. 


Ir the bearing of a celestial object, as shown by a compass, be the 
same as the true bearing which the object is known to have at the same 
time, it is evident that the points of the compass are directed to the 
corresponding points of the horizon, and the compass has therefore 
no variation. Ifthe compass show a bearing different from the known 
true bearing of the object, that difference is the variation of the com- 
pass. ‘Thus, if an object bear EK N E by a compass, at a time when 
its true bearing is E, the E N E point of the compass is directed to. 
the E point of the horizon, and consequently every point of the com- 
pass is turned two points to the right of the corresponding point of the 
horizon, or the compass has two points easterly variation. But if an 
object should bear N W by acompass, at the time that its true bearing 
is known to be W N W, the N W point of the compass, to produce this 
effect, must be turned two points to the left, or the compass will have 
two points westerly variation. 

We may hence infer, generally, that when the true bearing of any 
object is to the left of its bearing by the compass, the compass has 
westerly, and when to the right, it has easterly variation. 


To find the variation of the compass by the bearing of’ a celestial object 
when on the meridian. 


The sun is always on the meridian at apparent noon, and the time 
at which any other object will pass the meridian on any given day may 
be found by Problem 5, page 216. ff, then, the error of the watch for 
apparent time be known, the time by it will be known when the object 
is on the true meridian, at which time the angle included between the 
magnetic meridian and the.point on which the object bears, by the 
compass, will be the variation of the compass, westerly if the object is 
to the right, but easterly if it is to the left of the magnetic meridian. 

For example, if an object on the meridian bear, by the compass, 
S 18° 40’ W, the variation is 18° 40” W; if it bear N 14° E, the varia- 
tion is 14° W; if it bear S 38° E, the variation is 38° E; if it bear 
N 21° W, the variation is 21° E. 

R 
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To find the variation of the compass by the amplitude of the sun 
or a@ star. 


From the effect of refraction, celestial objects appear on the horizon 
when they are 33’ below it, and therefore the altitude of the sun’s 
centre, or the altitude of a star, should be about 33/ + the dip, when 
the amplitude is observed to find the variation; or the altitude of the 
sun’s lower limb should be about 1'7’-+ the dip. 


To compute the true amplitude. 


With the given time and longitude find the Greenwich time, and for 
that time take the object’s declination; then to the sine of this de- 
clination add the secant of the latitude of the place of observation, and 
the sum, rejecting 10 from the index, will be the sine of the true ampli- 
tude, to be estimated from the east when the object is rising, and from 
the west when it is setting ; and towards the north or south, according 
as the declination is north or south. 

Then, if the computed amplitude and that by the compass be both 
north or both south, their difference will be the variation; but, if one 
be north and the other south, the sum will be the variation, easterly 
when the true amplitude is to the right, and westerly when it is to the 
left of the observed. 


EXAMPLE. 


On January 24, 1822, at Gl 45m a. M., in latitude 21° 14’ N, 
longitude 31° W, the sun’s rising amplitude was E 35° 20’ S ; required 
the variation ? 


Astronomical time, January 23. . . .« «© . « « « 18h 45m 
Longitude in time: W 5) ‘s, oie ui es 0 hie es Pog) in es 


Greenwich time Fe shig te tle UES ee Set ea a 


@’s declination at noon, January 23, 1822, 19° 30’ 26” S — 14’ 13% 
Correction for 20h 49m (Table 30) eee 


Reduced declination: .~ «5 ¢+ 6 6 oe, © 49. 28 (6 Steep eee 
Latitude 3) so ance ok os es ete ee ee OL ee 


—— 


True amplitude’: 60 6. 8 ft) HE 20 roses 


Observed amplitude 2. 2)... 1 EE 35) 20 05 


Variation i aan ec «nc. oe Me 
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EXAMPLES FoR EXERCISE. 


In each of the following examples the variation of the compass is 
required ? 


No. Date. Latitude. | Long.| Hour, &c. Object. Observed Amp. Variation. 


fe] a oO h m 4 é 
1} April 99, 1824 | 36 99 N |i2 W| 5324.M.| Orising | BE 320 N 14 44 
2|June 6, 1824| 48 27 N 133 W| 7 40P.M.| © setting | W. 14 93 N 91 15 E 
3| Aug. 27,1893/91 48 |6E| 530P-M.| @ setting | W 10 0N 0 57E 
4| Oct. 17, 1825 | 63 90S |25 W] 645PM.| @ setting | WS W4W 4 296 W 
5| June 21,1822 | 99 32 N |21 W| 530A.M.| @rising | EB 4508 32 °4W 
6| Jan. 25,1896 | 1621S |15 W| 11 OP.M. |Spicarising| E 16 3N 96 44 F 
7\Jan. 3,1830 |3817S |9 E| 5 OP.M.|Siriusrising] E 16 20S 4 51 


The true amplitude may be found with sufficient exactness for nautical 
purposes by Gunter’s scale, thus :— 


Extend from the complement of the latitude to 90° on the line of 
sines, and that extent will reach towards the right on the same line, 
from the declination to the amplitude. 


To find the variation of the compass by the azimuth of a known 
celestial object. 


With the given time and longitude find the Greenwich time, 
(Problem 4, page 215,) and for that time take the declination of the 
object ; find its polar distance, and compute its true altitude. 

Add together the true altitude, the latitude, and the polar distance, 
and take the difference between half the sum and the polar distance ; 
then add together the secant of the altitude, the secant of the latitude, 
(rejecting 10 from each of their indices,) the cosine of the half sum, 
and the cosine of the remainder, and half the sum of these four loga- 
rithms will be the sine of half the azimuth of the object, from the south 
in north, and from the north in south latitude; towards the east when 
the altitude is increasing, and towards the west when the altitude is 
decreasing. 

Let the observed azimuth be estimated from the same point that 


the true azimuth is computed from; and if they are both east, or both 
west, their difference will be the variation ; but if one is east, and the 
other west, their sum will be the variation; and easterly or westerly, 
according as the true azimuth is to the right or left of the observed 
one. 


EXAMPLE. 


If on April 20, 1858, at about 9h a.m. the altitude of Q be 
36° 50’+, bearing S 31° K, in latitude 50° 12/N, longitude 13° W, 
height of the eye 21 feet, required the vartution ? 

R 2 
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Ship time, April 19 21h Om@/’sdec. April 19,1822, . 11° 4/26” + 20! 43” 
Longitude in time, W -+ 52 Red. to 1853, (Table 20) . + 5 35 


oy 


Greenwich time . . 21 52 1h Week 


eee ae 


Cor for Green time, (Tab. 30) + 18 52 


Corrected declination. . . 11 28 53 N 
90 


Polar distance .. -« «6 « /9 al JF 


Altitude © ». - ~» 36° 350’ 0” Altitude . . « 37° 0 see 0°097651 
— 431 Latitude. . . 50 12 see 0°193746 


36. 45 29 Polar distance . 78.31 
Correction. #0008 aE OD eae 
— 2)165 43 
36 44 20 oe 
Semidiameter . . . + 15 56 Halfsum . . 82 51 cos 9:095056 


ToRTy Remainder. . 4 20 cos 9:998757 
True altitude . . 2 aed ee pe 


——_——_— 2)19+385210 


Half azimuth .. 29 31 sin 9°692605 

; ae 
True azimuth . S59 2 EK.» 
Observedazimuth $31 0 HK ~ 
Variation .. . 28 2W 


Dip oy (See Ufstaee 


EXAMPLES FOR EXERCISE. 


In each of the following examples the variation is required ? 


° g q 
No.|Date, Civil pg Hours, &c. Tat: Long. Altitude, Pb eee each Var 
hams yi feet, rere 

1} May 17, 18947) 2 '0 P/M. 48° 30'S} “O0°R V6 17 16 — 10 N 30 2 W 
2 | April 95,1895 |. 3.30 P.M; | 63 14.N) 210 Wile 29 46 — 17 S 78° 13’ Wi21 51 WI 
3 | Aug. 17, 182374) Oa OM 59 OF IN LGA Weis 33 50 — 13 S4i 2W\| 0 46W 
4| Feb. 22,1824 |10 6A.M.|53 15 N| °42 W lo 21 50 + 14 S 1 5 W\30 51 W 
5 | March 5,1824 | 10 OP.M.|%1 83N| 17 E (Spica 22 1 + 15 SEbS |35 9W 
6 | Sept. 9,1823 | 745 P.M.}20 4N)| 154 E [> 6 — 23 $46 24Wi13 42K 
TAs Dec, od 42%8or 32D PMs | 447 9°8) 745 Wale, 42 8 — lL WN W /14 36 W 
8 | Jan. 24,1895 1° 8115 ACM’| 96.58 0 fol 38 24 + 8 E 432 E 


The azimuth may be found with sufficient accuracy for nautical 
practice by Gunter’s scale, as follows :— 


Extend on the line of sines from the co. lat to the complement of the 
half sum in the above rule and examples, and that extent will reach, on 
the same line, and in the same direction, from the complement of the 
remainder to another point. Extend from this point to the co. alt, and 
that extent will reach from 90° to another point on the same line, and 
below that point, on the line of versed sines, is the supplement of the 


azimuth, reckoned, as above, from the N in south latitude, and from 
the S in north latitude. 


ee Le ee ee 


ee 
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On ship board, however, the direction of the needle is affected by 
the local attraction of the iron in the ship. If the iron is equally dis- 
tributed, it produces no effect when the ship’s head lies N or S by the 
compass, and the deviation is greatest when the head lies HE or W. In 
ships of war, where the guns and other masses of iron present a large 
attracting surface, the effect of this local attraction on the needle is very 
considerable ; it has been observed, in the channel, to amount to more 
than half a point. 

The attention of men of science having been drawn to this phe- 
nomenon, Mr. Barlow, of the Royal Military Academy, at Woolwich, 
after various contrivances to determine its effect, with a view of allowing 
for it, at last devised a means of counteracting it. This device consists 
merely in placing a small iron plate in such a situation, behind the 
compass, and near to it, that the local action of the plate is an exact 
counterpoise to the effect of all the iron in the ship, whose centre of 
attraction is always before or forward from the place where the steering 
compass stands. 

The proper situation for such a plate is easily found in harbour; for 
it is only necessary to lay the ship’s head east or west, and to move 
the plate, behind the compass, upwards or downwards, nearer or 
farther off, till the bearing of a distant object, by the compass, is the 
same as its true known bearing, the plate then, in that as well as in 
every other situation of the ship’s head, completely destroying the effect 
of the local attraction, while the position of the compass in the ship, and 
the situation of the iron in the ship, remain the same. 

When the proper situation for the plate is found, it can be properly 
fixed and remain there. Many of his Majesty’s ships have had such 
plates adapted to their compasses, and they have been found to answer 
completely. 


ON THE PRINCIPLES OF THE METHODS OF FINDING THE 
LONGITUDE AT SEA BY CELESTIAL OBSERVATION. 


As the longitude of any place is measured by the arc of the equater, or 
the angle at the pole, included between the meridian of that place and 
the first meridian ; and the difference between the time at any place 
and that at the first meridian, is measured by a like arc of the celestial 
equator, or a like angle at the celestial pole, the longitude of any place 
would be known, if the mean, the sidereal, or the apparent time at the 
place, and at the first meridian, could be found at the same instant. 
Now, during the apparent diurnal revolution of the heavens, the dis- 
tances of celestial objects from the horizon are continually varying, 
increasing from the time at which they rise till they pass the meridian, 
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and then decreasing in like manner till they set. Hence, at a given 
place, any proposed altitude of a known celestial object, eastward or 
westward of the meridian, corresponds to a determinate instant of time ; 
and the time at any given place may therefore be inferred from the 
observed altitude of a known celestial object. But an altitude for de- 
termining the time should not be observed when the object is near the 
meridian, as the altitude then varies so slowly, that a small mistake in 
measuring it will produce a considerable error in the computed time ; 
and the nearer the bearing of an object is to the east or west, the Jess 
effect will any mistake in measuring its altitude produce in the time 
computed from it. | 

Now, if a chronometer, keeping mean time, were set to the time at 
the first meridian, it would continue to show the time at that meridian 
to whatever place it might afterwards be carried; and therefore the 
difference between the time shown by such an instrument, and the 
mean time at any other meridian, determined by observation, or other- 
wise, would be the longitude of that meridian in time, twenty-four hours 
of time corresponding to the circumference of the equator, or to 360° 
of longitude. 

The simplicity of this method of finding the longitude at sea, and 
the perfection to which the construction of chronometers has been 
brought, have combined to introduce it into very general practice, and 
its usefulness has been amply proved. But so delicate a machine as a 
chronometer must be peculiarly liable to be put out of order, even by 
causes which are difficult to detect and impossible to avoid; it is there- 
fore desirable that, if possible, we should have some independent method 
of ascertaining the time at the first meridian. 

Now, the moon revolves round the earth, or appears to revolve 
among the stars, from west to east, with an angular velocity so con- 
siderable, that the instant of time when she is at a given distance from 
a celestial object, lying in the direction of her motion, may be de- 
termined with considerable precision ; and from the principles of Phy- 
sical Astronomy, aided by observations, her place in the heavens can 
now be predicted with sufficient exactness for the practical purposes 
of navigation ; and, in fact, in the Nautical Almanac, the distances of 
her centre from that of the sun, four of the planets, and some of the 
principal fixed stars that lie in the direction in which she moves, are 
given, and published for several years in advance, for every three hours 
of mean Greenwich time, except near the change, when she cannot 
be seen. 

Hence, if an observer can determine by observation the moon’s dis- 
tance from the sun, or any of these stars, he may easily find the mean 
time at Greenwich, by comparing the observed distance with the dis- 
‘tances given in the Nautical Almanac. 

But the distances there given are those which would be seen at the 
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centre of the earth; and therefore, before any comparison can be insti- 
tuted between them, and distances observed upon the surface, for the 
purpose of determining the Greenwich time, the distances observed on 
the surface must be reduced to what they would have been if seen at 
the centre. Now the places of celestial objects, as seen at the surface, 
differ from their places as seen from the centre by the effects of parallax 
and refraction, which vary with the altitude of the objects; the moon’s 
place as seen from the centre being above and that of any other celestial 
object below its place as seen from the surface. (See page 213.) 

Hence, before the true distance can be computed, the altitudes of 
the objects, as well as their apparent distance, must be known. 

In practice, the altitudes and distances of the objects are generally 
measured at the same instant, by three different observers, while a 
fourth notes, by a watch, the times at which the observations are taken. 
Several sets of observations should, if possible, be taken, and a mean of 
the whole used as a single observation. 

Such an observation is called a lunar observation ; and this method 
of finding the longitude, by the distance of the moon from the sun or a 
star, is called the method of finding the longitude by lunar observations. 

In altitudes used only for computing the true distance, no great pre- 
cision is necessary ; but an altitude for computing the time ought to be 
taken as exactly as possible. ‘The greatest care, however, is required 
in measuring the distance, as an error of 1’ in it will generally produce 
an error of about 2m. of time, or of about half a degree in the longitude 
deduced from it. The distance of the nearest limbs of the sun and 
moon is always measured, and their semidiameters added to obtain the 
apparent distance of their centres. ‘The distance of a star is measured 
from the round or enlightened edge or limb of the moon, whether that 
limb be the nearest to or farthest from the star; and the moon’s semi- 
diameter is added to the observed distance when, it is measured from 
the nearest limb, but subtracted when from the farthest limb, to obtain 
the apparent distance of the star from the moon’s centre. 

A dexterous observer may himself obtain both the altitudes and dis- 
tance, by taking the altitudes of the objects both before and after he 
measures the distance, noting the time of each observation, and then 
computing, by proportion, from the change of the altitudes, what they 
must have been at the time at which the distance was observed, 

Various other methods have been proposed for finding the longitude 
by observation at sea, but none of them have yet been found capable of 
being reduced to practice, except perhaps the method of occultations, a 
simple mode of computing the longitude from which will be given in 
a subsequent part of this work. The methods of which we have here 
sketched the principles, are therefore thése to which the attention of the 
practical mariner ought chiefly to be directed. 

We may re-state that, to find. the longitude, we must be able to do 
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two things which are perfectly distinct in themselves; viz., to find ‘the 
time at the place at which we are, and to find the time, at the same 
anstant, at a place whose situation we know. The former of these is 
found at sea from the observed altitudes of celestial objects, and the 
Jatter by the aid of a chronometer, or by the distance of the moon from 
the sun or a fixed star, from which her distance is computed in the 
Nautical Almanac. 

When the apparent motion of a planet is contrary to that of the 
moon, the longitude can be more correctly deduced by a lunar dis- 
tance from it, than by one from a fixed star; and, besides, Venus, 
Jupiter, Mars, and Saturn, (the planets whose distances from the moon 
are given,) can often be seen where there is daylight enough to take 
their altitudes with every requisite decree of exactness, either for clearing 
the distance or computing the time. 

Altitudes can seldom be obtained at night at sea with sufficient ex- 
actness for computing the time; it will therefore be generally found 
preferable to find the error of the watch from altitudes of the sun 
during the day, and then to find the time at the ship at which a lunar 
distance is taken, by allowing for the error of the watch and the differ- 
ence of longitude between the places where the altitude for the time 
and the lunar distance are measured. It will often, indeed, be found 
difficult to take altitudes at night with sufficient precision for the pur- 
pose of clearing the distance ; but, as the time may be inferred from the 
altitudes of celestial objects, so, conversely, their altitudes may be 
inferred from the time; and it will often be found that, at sea, the alti- 
tudes of stars can be determined by computation with greater correct- 
ness than they can be observed. Having said this much by way of 
introduction, we proceed now to give, in order, the various practical 
problems connected with and subservient to the method of finding the 
longitude by observation by any method practicable at sea. 


ON FINDING THE TIME. 


To deduce the mean and apparent time at any place from the altitude 
of any known celestial object, when at u distance from the meridian 
on a given day ; the latitude being known, and the longitude as well 
as the time at the place nearly. 


Rute. With the supposed time and longitude find the Greenwich 
mean time by account, and for that time take from the Nautical Alma- 
nac the equation of time, and the declination of the object, and from 
the declination find the polar distance. If the object is not the sun, | 
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take the sun’s right ascension, and the object’s right ascension, from 
the Nautical Almanac, and, having found the object’s true altitude, 
proceed with the computation as follows. From half the sum of the 
object’s true altitude, its polar distance, and the latitude of the place of 
observation, subtract the altitude. 

Then add together the secant of the latitude, the cosecant of the 
polar distance, the cosine of the half sum, and the sine of the remainder, 
and the sum (rejecting the tens from the index) found in Table 5* will 
give the object’s westerly meridian distance in time, to be taken from 
the top of the table when the altitude is decreasing, and from the bottom 
when increasing. 

If the object is the sun, this meridian distance is the apparent time. 
If it is any other object, to the meridian distance add the object's right 
ascension, and the sum is the sidereal time. From the sidereal time 
subtract the sun’s right ascension, and the remainder is the apparent 
time. To the apparent time apply the equation of time with the proper 
sign to reduce it to mean time. 

The equation of time and the right ascension and declination of the 
sun and the principal fixed stars may be found, with sufficient exactness 
for practice at sea, from Tables 19 to 23. 

If the altitude of the moon be used for finding time, her right ascen- 
sion and declination must be taken from the Nautical Almanac, in 
which they are now given for every hour of mean Greenwich time. 
The right ascensions and declinations of the planets are given for every 
noon, as well as the distances of Venus, Mars, Jupiter, and Saturn, 
from the moon for every three hours of mean Greenwich time. Except 
for observations of the sun on the meridian, the Almanac must be 
entered with a mean time Greenwich date, 

There are some small periodical corrections of the right ascensions 
and declinations of the fixed stars for the motion of light, and the effect 
of the attraction of the sun and moon on the position of the earth’s axis, 
which corrections are not included in the places of the stars given in 
Table 23. But the true apparent right ascensions and declinations of 
100 of the principal fixed stars, for every tenth day of the month, are 
now given in the Nautical Almanac; and, in deducing the error of a 
chronometer on land by altitudes taken from an artificial horizon, it 
will be proper to take the right ascensions and declinations from that 
table in the Nautical Almanac; but observations taken for finding time 
at sea admit of no such precision in their results as to render these 
minute corrections an object worth regard; the right ascensions and 
declinations in Table 23 being, for nautical purposes, sufficiently accu- 
rate. 
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EXAMPLES. 


1. If on May 4th, 1840, at 7h 2m 50s a. m. by watch, in lat 37° 10° 
N, long by acct 25° E, the altitude of © be 21° 45’ +, height of the 
eye 14 feet, required the true apparent and mean time at that place? 


19h 2m 50s time by watch May 3rd. © declin May 3rd, 1824, 


140 0 long in time EK. at noon Grtime , . 15°44! 30//-+-17° 28!’ 
17 22 50 Grtime by acct. Red to 1840,Tab. 20 . 209 
Eq time May 3rd, 1824 . 3m19s+6 15 46 35 
eA LG 18407 (ive) he 1 Cor for Gr time, Tab. 30 12 39 
3 20 “True declin 15 59 14 
Cor for Gr time... 4 90 Bh 
True equation 3 24 Polar dist 74 0 46 
Alt. gel siin el Wa 21°45! 0” observed alt. 
TAG. Fe es DAT LURK See 10°098606 3 41 dip. 
EOL distr. s 74 0 46 cosec. 10°017131 21 41 19 
2)133 5 42 2 15 cor. 
66 3251 cos 9°599871 2139 4 tre alt Q 
44 37 55 sin 9846677 15 52 semid. 
App time 19h 2m40s Tab. 5* 9°562285 21 54 56 alt ©’s centre, 
Equation 3.24 — Cos Serene aaa 


Meantime 18 59 16 


2. If on the 20th of February, 1863, at 9h 27m 4s P. M., the 
altitude of the star Menker be 13° 50/ decreasing, latitude 52° 30’ N, 


longitude 36° W, height of the eye 15; required the apparent and 
mean time? 


9h 27m4s PM time by watch. ¥%’sRA1820 2h 52m53s + 3-195 , 
2 24 (0 W longitude in time, Cor for 43 years 2 14 
11-51 4 PM Green time. ¥’s R A for 1863 Lee é 
©’sRA Feb. 20, 1823, 


at noon, Green time 22h 12m 36s+3m 50s. %’s decl 1820. .3° 22’ 40" N-+-14:59s 
Red to 1863, . 2... 1 13 Cor for 43 years 10 27 


92 13 49 %’s decl 1863. 3 33 7 N 
Cor for Green time. . a5 4. 90 0 0 


True right ascension. 22 15 43 Polar distance 86 26 53 


rn en ee 
re 
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Tine Alties 419° 42’ 29! Equa of time, Feb. 20,1823, Add. 
Latitude. . . . 5230 0 sec *215553 noon, Greenwichtime. 14m7s —7 

Polar dist.. . . 86 26 53  cosec °000835 Red to 1863 (Table 20) . — 3 

2)152 39 22 14 4 

3 


——— 


7619 41. cos 9°373578 Cor for Greenwich time . — 


62 37 12 sin 9948401 True equation... .. 14 1 


%’smer dist, Tab.5* 4h 47m56s 9°538367 Observed altitude . . 13°50’ 0” 


x’sRA 2 pees Oe. 0 2 Sis Z See ae aia 3 42 dip. 

MOL Meti. « «i ¢ 43-.°.0 13. 46°18 

. ™ of: told | alll — 3 49 ref. 
Sea5 3 True alfitude ¢ 3. . 13 42:29 


O’'sRA “6 |e @. « a2 AS A3 GAP Maneatis as 


App itime : <3: . 927 20 
Equation of time . . 1 lh aed 


Mean time a 941 21 


EXAMPLES FoR EXERCISE. 


In each of the following examples, the apparent and mean times at 
the place of observation are required ? 


Height Astronomical 


Date, Time . : Time. 
No. Civil Time. Lat. | Long. by Watch. Object. | Altitude. a thee Sar ites ese 
Ye |Apparent| Mean, 
Sir Ad 9 hm s hts feet.|hhms]hms 
1 | May 20, 1823 |43 30 N| 20 W| 743 0 AM. © 32 4-+) 16 {19 44 16/19 40 95 
2} Aug. 10, 1824 |54 12 N| 25 W| 533 0 PM) © 16 50—| 18 | 5 32 39) 5 37 38 
3} June 9,1825 |15 18 Nj 40 W| 74218 AM) © 29 40+} 22 |19 45 99/19 44 13 
4} Jan. 20, 1828 |57 30 S| 70 BE} 24590 P.M.) © 41 50—| 19 | 2 46 24) 9 57 36 
5 | May 10, 1851 [56 48 N/145 KE |/64345 AM) © 20 14+] 94 |18 43 24/18 39 35 
6 | June Ql, 1829 |65 30 N| 33 W) 52610 P.M.) © 24 37—| 15 | 5 25 36) 5 26 56 
7 | Feb. 8, 1837 |40 36 S} 20 E|/ 428 3 PM) © 27 46—| 9 | 4 25 49} 4 40 2) 
8 | Oct. 8, 1866 |20 26 N| 22 W/10 29 10 P.M.} Aldeb. |19 50-++) 16 {10 33 4/10 20 32 
9} June 2, 1851 |27 42 S| 15 W| 7 13 28 P.M} Sirius | 17 25—| 20 | 7 13 25) 7 10 57 
1 10 | May 28, 1877 |59 15 N|174 EB} 1 52 16 A.M.) Markab] 21 25+] 13 {18 50 23/13 47 13 
11 } Aug. 1, 1845 {30 28 S| 12 E| 95941 P.M) Spica |11 15—} 12 |10 212/10 8 8 
12 | Mar. 8, 1842 /12 30 N| 62 Ej11 24 7 P.M] Procyon] 42 58—|] 18 {11 24 46/11 35 46 
13 |. July 15, 1873 | 850 S} 7 W/l0 3 0 P.M.JArcturus| 29 48—} 20 |10 4 34/10 10 11 
14 | Dec. 5, 1868 |53 26 S| 30 E| 2 50 56 A.M) Spica | 11 26-4) 24 [14 50 30/14 41 95 
15 Sept. 12, 1893 }32 14 N|130 FE} 948 4 PM) 2 10 V7 —| 12 79:46 99 42 39 
16 | Sept. 16, Tego 19 30'S} 61 EB) 4 57 15 P.MJ). 2 29 3+] 13 | 4 57 29) 4 52 98 
17 | Sept.29, 1823 |38 20 Nj 30 W| 23026 AM} 3 2245+] 16 {14 32 16/14 22 53 


To find the error of a chronometer by equal altitudes of a fixed star. 


Find the apparent time at which the star passes the meridian of the 
place of observation, by Prop. 5, page 216; and, by applying the 
equation of time, convert that time into mean time. The differ- 
ence between this mean time and half the sum of the times shown 
by the chronometer, when on that day the star has equal altitudes, is 
the error of the chronometer for mean time at the place of observation ; 
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fast, if the middle time by the chronometer is the greater, and slow if 
it is the less. 


EXAMPLE. 


If, on October 11th, 1823, at Petersburgh, Altair have equal alti- 
tudes at 6h 12m 40s, end at 9h 28m 40s by a chronometer; what is 
its error for mean time at Petersburgh ? 

By Prob. 5, page 216, it appears that this star was on the meridian 
of Petersburgh at 6h 37m 27°6s, apparent time; and as the equation 
of time is then 13m 4'9s, subtractive, the corresponding mean time is 
6h 24m 22°7s; the difference between which and 7h 50m 40s, the 
middle time by the chronometer, is lh 26m 17'3s, the error of the 
chronometer, being fast for mean time. 


EXAMPLES FoR EXERCISE. 


Required the error of the chronometer for mean time at the place of 
observation in each of the following examples ? 


Date. Time of equal alts. : 
No Civil Time. by Chron. Long. Object. Answer. 


ee eee 


1 | Oct. 5th, 1836 | 6h30m10sP.M. | 78° W | Marcab| 11m 24s slow 
6 1 1 40 A.M. 


— oe . | 


2 | Feb.20th,1840| 7 4 12 P.M.| 40H | Procyon| 27 15 slow 
Ditto. V5 4 eM 


To compute the equation of equal altitudes. 


The equation of equal altitudes is a correction for the change of the 
sun’s declination, to be applied to the middle time between the instants, 
by a chronometer, at which on a given day the sun has equal altitudes, 
to find the time by the chronometer when he is upon the meridian. It 
is, in fact, half the difference of the forenoon and afternoon hour angles 
when the sun on the same day has equal altitudes. 

To compute this correction, take the logs A and B answering to the 
elapsed time from Table 18; and to each add the logs of the seconds 
in the change of the sun’s declination, between the noon of the day 
preceding, and the noon of the day following the given one. And 
further add to log A the tangent of the latitude; and to log B, the co- 
tangent of the sun's polar distance; and the sums, rejecting tens from 
the indices, are the logarithms of the two parts of the equation of equal 
altitudes.. The first part, that under Jog A, is -+ when the polar dis- 
tance is increasing, and — when it is decreasing; and the second 
part, that under log B, is — when the polar distance is acute and 
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increasing, or obtuse and decreasing ; and -+- when the polar distance 
is obtuse and increasing, or acute and decreasing. 

Note. The polar distance used in the computation may be taken, 
without reduction to the meridian, for the noon of the given day, 


Greenwich time. 


EXAMPLE. 


On July 25, 1823, in latitude 54° 20’ N, at 8h 59m 4s a.M., and 
3h 0m 40s p, m., the sun had equal altitudes ; required the equation of 
equal altitudes ? 

20h 59m 4s © declin July 24th 20° WV 4” N 
21; 0.740 26th 19 3535 N 


eS ts st 


Interval. 6 136 Change in two days 25 29a E QO" 


eS ee es ——— 


Crnol dist. Julye2othic.! val ay yelia notes bcp 


To 6h 1 m 36s, in Tab. 18, we have, : 
Reeeerenten ne sede 77707 (Log Bei iee ie oe 76187 
Vsegjer.. yw 1844 3°1844 
Lat 54° 20’tan. . . . 101441 Pol dist 70° 12’ cot , 975563 — 
First part + 12°57 log.. 1:0992 Second part — 2°29 log.. 0:3594 

— 2°29 
+10°28 Equation of equal altitudes. 


ee es 


EXxAMPLEes For EXERCISE. 


In each of the following examples the equation of equal altitudes is 
required ? | 


No. Date. Interval. Latitude. Equation, of equal 


Altitudes. 
DEE My, v8 S s 

1 | September 1, 1824 7 46. 35 | 46.°50'N Tosa 
2 | March 5, 1825 Sri29y ZB per S8ersaiN 15:4 — 
3 | November 27,1836 | 3 45 4; 23 4N or4 + 
4 | April 25, 1870 Aton 41 7 16 OS 6°3 + 
5 | September 4, 1842 7) TARO LE 24 30S 8:2 — 
6 | September 9, 1832 | 5 44 26) 61 26N 28° 2. -b 


To find the error of a chronometer by equal altitudes of the sun. 


Two or three hours before noon, let several altitudes of the sun’s 
upper or lower limb be taken, noting the time of each observation by 
the chronometer, and again in the afternoon let the successive times 
by the chronometer be noted at which he arrives at the same altitudes. 
Take the mean of the times at each set of observations, adding 24 
hours to the mean of those in the afternoon, and half the sum of these 
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means will be the middle time between the observations, and the differ- 
ence of them will be the elapsed interval of time. With this interval, 
the latitude, polar distance, and change of declination, compute the 
equation of equal altitudes, as in the last problem, and apply it, with 
the proper sign, to the middle time; and the result will be the time 
shown by the chronometer at apparent noon ; and the difference between 
that time and 24 hours will be the error of the chronometer for apparent 
time at the place of observation. 

To find its error for mean time, either at the place of observation or 
at Greenwich, reduce the equation of time to the given meridian, (see 
the use of Table 22,) and add it to, or subtract it from, 24 hours, as 
directed in the Nautical Almanac, or Table 22, and the result will be 
the mean t?eme when it is apparent noon at the place of observation ; 
to which apply the longitude of the place in time, adding it if west, 
and subtracting it if east, and the mean time at Greenwich when it is 
apparent noon at the given place will be obtained. Hence the differ- 
ence between the middle time, corrected as above for the equation of 
equal altitudes, and the mean time at the place when it is apparent 
noon, will be the error of the chronometer for mean time at the place 
of observation; and the difference between the corrected middle time 
and the corresponding mean time at Greenwich will be the error of the 
chronometer for Greenwich mean time. 


EXAMPLE. 
On July 25, 1823, in latitude 54° 20’ N, longitude 20° 30’ E, equal 
altitudes of © were observed, as under ; required the error of the chro- 


nometer for apparent and mean time at the place of observation, and 
also for mean time at Greenwich ? 


Add. 
8h 58m 30s a.m. 31° 30’ ©@3h 1m 15s p.m. Equation of time 0h 6m7s + Is 
58 47 35 0 56 Cor forlong. .0 0 0. 
22. VA 40 0 40 Reduced equa.. 0 6 7 
a3 if a ; 23 Time ofap noon 24 0 0 
) 0 6 oy ot eee 
— ns Meantimeatdo.24 6 7 
Mean ie 59 «4 3 0 40 Long intimeE 1 22 0 
24 ree PR a 
——_—— ane SSeS Mean T,atGr. 22 44 7 
Mean (2059 4 27 0 40 
times | 97 0 40 me 


Sum. . 47 59 44 half sum 23h 59m 52s mid time. 
Dir. .''6 1 86 

The equation of equal altitudes (see the last problem) is about 10s 
to be added to the middle time. Hence 23h 59m 52s + 10s = 
24h Om 2s, the time by the chronometer at apparent noon. 
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Time by chronometer at apparent noon. . « . . . 24h Om2s 
Time of apparent noon. . 2 6. 1 ew. ee we 24 0 0 
Mean time at apparent noon. . ... 2... wea it es eee 
Corresponding Greenwich mean time... . « . 22 44 7 
Chronometer fast for apparent time at place of observ. 2 
Chronometer slow for mean time at place of observ. . Ce 
Chronometer fast for mean time at Greenwich. . . . 1 15 55 


EXAMPLES FoR EXERCISE. 


In the following examples the error of the chronometer for mean 
time at Greenwich is required, the sun having in each case equal alti- 
tudes at the times marked a. m. and p. mM. ? 


Error of Chron. 


No. Date. Times of equal Altitudes. Lat. Long. {pop ref eam 
hm s hm s OWupe O) ike h ms 
1 |Sept. 1,1824) 8 7 29am) 354 4 pmj46 50 N |32 7 2 9 40 fast 
2 (Mar. 5, 1825) 7 45 21 4 14 49 38 34.N [59 30W|4 9 55slow 
3 |Apr. 17,1822; 9 15 43 245 0 32 18 N |55 50 W/| 3 42 39slow 
4 |Noy. 27,1836)10 7 22 1.52 26 23 4N/16 4W|0 52 17slow 
5 Jan. 12, 1849) 8 28 26 331 12 8 56 N [51 14E 1/3 15 59 fast 
6 |Apr. 25, 1870) 9 30 35 2 29 16 16 OS 113" OR 054 71 fast 
7 |Sept. 4, 1842) 8 22 18 o,f 29: 24 30S |47 O0OW\3 7 6slow 
8 |Sept. 9, 1832) 9 7 42 252 8 61 26 N|22 0 E|1 3113°9 fst 


To find the rate of a chronometer. 


The rate of a chronometer, or its daily gain or loss, is determined 
by comparing its errors for mean time, as found by observation at a 
given place on different days, either by the altitude of the sun or a star, 
or by equal altitudes of the sun or a star, as shown in the preceding pro- 
blems. Thus if by observation a chronometer is found 20s fast, and at the 
end of ten days 30s slow for mean time at the same place, it has evidently 
lust 50s in ten days; whence its daily rate is 5s losing. If on agiven 
day a chronometer be 12s fast, and at the end of thirteen days 57s fast 
for mean time at any place, it must have gained 45s in thirteen days, or 
its rate is about 3°5s per day gaining. Hence the method of finding 
the rate of a chronometer is evident. 

When the longitude of a place at which observations are taken for 
the error of a chronometer is accurately known, it will be found conve- 
nient in all cases to find its error for Greenwich time, which may be 
done by finding (Problem 4, page 215) the time at Greenwich corre- 
sponding to the time at the given place as computed from observation, 
and comparing that time with the time shown by the chronometer. 
When the errors are all referred to Greenwich time, the rate can easily 
be found from observations taken at different places ; and it is often. 
desirable to do this; for a seaman cannot always stop long enough at 
one place to obtain a rate that is entitled to confidence ; as the unavoid- 
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able errors of any observation render it advisable that a rate should 
not be deduced from observations separated from each other by a very 


short interval of time. 


If more than two sets of observations can be 


obtained, it will be seen froin the results whether the rate of the chro- 
nometer is uniform or not; and for this purpose the mariner should 
lose no opportunity to multiply observations, that any change in the 


rate may be detected and allowed for. 


The student, if acquainted with the preceding problems, will, from 
what has been said, experience no difficulty in finding the rate in each 
of the following examples, or indeed in any case that can arise in 


practice. 


EXAMPLES FOR EXERCISE. 


It is required, from the observed altitudes of the sun, to find the 
error of the chronometer for mean time at Greenwich, and its rate, in 


each of the following examples ? 


ae Time by Place of Observed |Height of} Er.of Chro. | p, 
No, Date, Chronometer, | Observation.| Altitude, the Eye for Green T. Rate,| Man. 
hms Ca! feet. Sih) mys s s 
1 April 14,1822} 7 33 45 A.M. |Copenhagen/@ 26 4 ++ 14 |0 8 30 fast 24 
May 38,1822) 7 29 4 A.M. |Copenhagen |@ 31 14 +- 14 |0 8 33 fast 
g July 7,1893) 743 4A.M.|Plymouth | 30 5 + 16 10 7090 +5 
Aug. 24, 1823) 7 55 3 A.M. |Plymouth wo 2418 + 16 0 0 24 fast 
3 |Oct. 16, 1824/11 58 28 P.M. | Batavia © 21 44 20 |0 O 18 fast ssaie 
Dec. 20, 1824/11 52 18 P.M. |Batavia © 1637 + 20 |0 1 3slow 
July 29, 1824) 8 15 11 P.M. |Quebec @ 36 14 20 10 20 34 slow B+ 
4 |Aug. 8, 1824] 8 46 35 P M. |Quebec @ 28 57 20 0 20 28 slow 1°93 1.0+ 
Aug. 18, 1824) 8 46 9 P.M. |Quebec © 26.34 20 0 20 15 slow 1h 
5 April 10,1823} 7 0 20 P.M. |BuenosAyres|® 26 41 — Artif. {0 12 18 slow 16°34 
May 5, 1823) 5 33 0 P,M./Rio Janeiro |@ 32 52 — | Horiz. j0 5 29slow 


In each of the following examples it is required to find the error of 


the chronometer for mean time at Greenwich, and its rate, from the 


times at which the sun had equal altitudes ? 


Times of equal Alts, Pie { 
No. Date. py Unronomoten, | Obeafeatient 
Mir] Wing see icy am hm s ay ion ava 
Pik pe boa T # eyo! : 
; May 4, 1824 | 3 4¢ 17 py, | Gibraltax 
9, | 9 21-38 A.M. ; 
May 18, 1824 3 34 50 PM. Gibraltar 
Aug. 14, 1822 a * st ae Funchal 
a 8 49 54 A.M 
Nov. 5, 1822 | 9 43 32 PM Naples 
a 7 58 17 A.M. : 
; June 11, 1823 | ) 43 98 pM. Riga 
o |10 53 9 A.M. f 
Aug. 1, 1828 313 3PM. Cork 


Error of Chronom, 


for Green. Time. Rate. 
h mis 
0 18 52 fast 
30°7 = 
0 10 36 fast 
0 0 7 fast 
08-4 
0 O 14 fast 
0 30 48 fast 
1‘*§= 
0 24 10 fast 
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In each of the following examples it is required to find the error of 
the chronometer for mean time at Greenwich, and its rate, from the 
times at which the same star had equal altitudes ? 


Bo GE BR ERC ee ORE ee SL eR eS a EO SD 


Times of 1 Alts.| Place of Object Er. of Chron. 
No. Date. iy Geneon, Gheeevatia! rE for eaay ‘Time. Rate. 
6141 4 L ms ; 

; 4 12 P. a Valette 

April 10, 1824 |)9 35 44 PM. |In Malta | Regulus) 38 10 fast 
7 50 16 P.M. | 7. Whi 

May 14, 1824 11 3 4 PM | Ditto Spica 38 52 fast 
Oct. 12, 1825 | 9 0 50 P.M. ; } 
Berane 1895.) 1,26 A0.A.M.) pore | sllgenib | 0" 4 slow | : 

Nov. 1, see %y i ‘ en plymouth Marcab | 0 22 fast 


Note. In the above rates + signifies gaining, and — dosing. 


To find the rate of the chronometer without reference to its error, by 
equal altitudes of the same fixed star, observed at the same place, 
and on the same side of the meridian, on different nights. 


Divide the difference of the times of equal altitudes as observed on 
different nights, by the number of days elapsed, and the difference 
between the quotient and 3m 55‘9ls is the vate, gaining when the 
quotient is less, and losing when it is greater than 3m 95'91s. 


EXAMPLE. 


On May 4th, at 10h 15m 26s, andon May 12th, at 9h 43m 38s, a 
star, on the same side of the meridian, had equal altitudes, required the 
rate of the chronometer? 


h més 
Time of Ist observation 10 15 26 
PAR CO Ds ca ot 9 43 38 


INosOf days! . .. «41: 8)31 48 diff. 


3 58°5 
8 5591 


Rate losing... . 2:59 


The nearer the object, whose altitude is observed, is to the prime 
vertical, the better ; and that the changes in the refraction may not sen- 
sibly affect the result, it is desirable that the altitude should not be less 
than 8 or 10 degrees. 


- 
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EXAMPLES FoR EXeErcise. 


No. Date. Time of equal Alts. | Rate. 
saci es cco | a 
Oct. 5 8 4 3 : 
et. 5 8 ‘ 
1) Oct. 19 7 i119 hee 
9 March 3 10 11 25 o-4- 
March 8 9 51 35 


TO FIND THE LONGITUDE BY A CHRONOMETER. 


Ler an altitude of the sun, the moon, or a star, be taken when the 
object is at a considerable distance from the meridian; or, rather, let a - 
series of altitudes be taken, at short intervals of time, and take the 
mean of the altitudes, and also of their corresponding times ;—to the 
mean of the times apply the last known error of the chronometer, adding, 
if it is slow, and subtracting, if fast; multiply the rate by the number 
of days and parts of days that have elapsed since the last error was 
determined; and add the product to the above corrected time, if the 
chronometer is losing, but subtract it if gaining. To the sum or 
remainder apply the longitude of the place for which the error was 
found, by addition or subtraction, according as the longitude is west or 
east, and the mean time at Greenwich will be obtained. For that 
instant take the data requisite for computing time from the Nautical 
Almanac, or the tables in this book. With the latitude of the place, the 
altitude and polar distance of the object, compute its meridian distance, 
and thence find the apparent time at the place of observation, and by 
applying the equation of time reduce that apparent time to mean tume, 
the difference between which and the Greenwich mean time, found as 
above from the chronometer, is the longitude of the place in time, west 
if the Greenwich time is before, but east if the Greenwich time is 
behind, the ship time. ; 


EXAMPLE. 


If on March 4, 1822, a chronometer be 2m 40s slow, andon April 7, 
lm 5s fast for mean time at Greenwich; and if on July 14, at 7h 3m 5s, 
by the same chronometer, the altitude of © be 20° 34’ —, in latitude 
31° 28’ N ; height of the eye 18 feet, required the longitude ? 


March 4, chronometer slow 2m 40s 


April 7, chronometer fast 1 5 
Gain in34 days. .... 3 45,and eabe = 6°6s, the daily rate, garmng. 
34 
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From April 7 to July 14 there are 98 days, hence 6*6s X 98 = 10m 47s, the gain 
of the chronometer since April 7. 


Time per chronometer . 7h 3m5s ©’s dec. July 14,1822, 
Chron. fast April7...—1 5 (Nant. Alm.orTab.19,) 21° 45/40”N—9/ 9” 
- 7 9 ( Cor. for Greenwichtime. — 2 35 


Gain from therate. . . — 10 47 Reduced declination . . 21 43 3 


—_——— 90 
Mean time at Greenwich 6 51 13 ORE are 
———-— Polar distance... + 42/63 16 55 
Add to app. 
Equa. of time, July 14, 1822 5m23 + 7 
Cor. for Greenwichtime,. . 2 


Reduced equation . . . .5 25 


Observed alt. of © 20°34! 0” Altitude . . 20°43/38” 
Semidiameter . . + 16 9 Latitude . . 31 28 0 sec °069079 
W060 9 Polar dist. . 68 16 55 cosec *031977 
Dip. so es ee — 411 2) 120 28 33 
20 45 58 "60 14 17 cos 9°695830 
Correction. « . » — 2 20 39 30 39 sin 9°803610 


True altitude. . . 20 43 38 App. timeatship, Tab. 5, 5h 13m 11s 9+ 600496 


Equat.timeadd. 5 25 
Mean time at ship. . 5 18 36 
Do. at Greenwich. . 6 51 13 


Long. intime W. . . 1 32 37 = 23° 9} 


EXAMPLES FOR EXERCISE. 


Ag Ta my chronometer be 5h 3m 20s fast for mean time at Quebec, 
on June 24, 1881, and gaining 12s per day; and on August 26, at 
7h 2m 20s P. M. by the chronometer, the altitude of Marcab be 16° 40’ 
increasing’, in latitude 50° 2’ N, height of the eye 15 feet, required the 
longitude ? Answer, 10° 17’ 45” east. 

2. If, on February 11, 1825, my chronometer be 48m 37s fast, 
and on March 4, 46m 23s fast for Greenwich mean time ; and if, 
on April 18, in latitude 18° 24’N, at 7h 2m 40s A. M. by the chro- 
nometer, the altitude of © be 11° 26’ +, height of the eye 15 feet, 
required the longitude ? Answer, 3° 20’ east. 

3. If, on November 2, 1824, my chronometer be 23m 40s fast, and 
on November 18, it be 21m 56s fast for mean time at Portsmouth ; 
and on December 21, in latitude 37° 28’ N, at 2h 40m 10s A. M., the 
altitude of Altair be 32° 56’ —, height of the eye 17 feet, required the 
longitude ? Answer, 135° 49' 15” west. 

4. If, on May 4, 1838, I find my chronometer 1h 30m slow for 
mean time at Cape Town, and on May 29, 5m 37s slow for mean time 

s 2 
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at James Town, St. Helena, and in latitude 14° 20’ N, on my voyage 
homeward, on July 10, at 6h 30m 20s P. M. by the chronometer, the 
altitude of © be 88° 20’ —, height of the eye 26 feet, required the 
longitude ? Answer, 54° 40/45” west. 
5. If, on May 4, 1868, my chronometer be 1h 2m 36s slow, and 
on June 15, 1h 4m 40s slow for mean time at Cork; and if farther, 
on July 10, at 7h 2m 30s P. M. by the same chronometer, the altitude 
of Antares be 34° 12’ —, in latitude 14° 26’ N, height of the eye 26 
feet, required the longitude? Answer, 45° 28! east. 
6. On July 5, 1822, my chronometer was found to be lh 12m 46s 
fast for Greenwich mean time, and gaining 10s per day; and on 
October 10, in latitude 35° 12’ S, at 6h 40m 8s A. M. by the chrono- 
meter, the altitude of © was 14° 26’-++, height of the eye 13 feet, 
required the longitude ? Answer, 22° 20/ 30” east. 
7, Ifa chronometer be 40m 26s fast for mean time at Portsmouth, 
on May 4, 1823; and on arriving at Funchal, on June 2, it be found 
lh 37m 55s fast for mean time at that place; what will be my longi- 
tude if, on August 24, in latitude 38° 4’ S, at Oh 14m 45s P. M. by 
the chronometer, the altitude of © be 23° 4’ 50” +, height of the eye 
30 feet ? Answer, 48° 0’ 45” west. 
8. On May 3, 1822, my chronometer was 10m 30s fast for mean 
time at Yarmouth, longitude 1° 44’ E, and losing 4°7s per day; on 
June 17, at noon, I was in latitude 38° 14’ N, and after running 
S W 4 W 388 miles, I found the altitude of © to be 20° 40’ —, at 
9h 26m 14s by the chronometer, height of the eye 30 feet, required the 

latitude and longitude ? 
Answer, latitude 37° 50’ N, and longitude 56° 49/15” west. 


ae 


ON COMPUTING ALTITUDES. 


To compute the true and apparent altitude of any celestial object. 


Tr the object be the sun, and the time P. M., the apparent time is the 
meridian distance; butif the object be the moon or a star, to the 
apparent time add the sun’s right ascension for the given instant, and 
the difference between the sum and the right ascension of the object 
at the same instant, is the meridian distance of the object. 

Reduce the meridian distance into degrees, &c., take the object’s 
polar distance and the colatitude of the place of observation ; and to 
compute the true altitude, proceed as follows. 

Add together, twice the sine of half the meridian distance, the sine 
of the polar distance, the sine of the colatitude, and twice the secant of 
half the difference of the polar distance and the colatitude, and reject- 
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ing 40 from the sum, half the result is the sine of arc 1. Add the co- 
sine of arc 1 to the cosine of half the difference of the polar distance 
and colatitude,and the sum, rejecting 10, is the sineofare2. Double 
are 2, and rejecting 90°, you have the true altitude. 

To the true altitude add the correction of altitude, if the object be 
the sun or a star; but subtract the correction from the true altitude 
if the object be the moon, and the sum or remainder is the apparent 
altitude nearly. : 

Take, again, the correction corresponding to this apparent altitude, 
and apply it as before to the true altitude, and the result will give the 
apparent altitude still more nearly. The correction to this last altitude 
may be taken again, and applied to the true altitude as before, but this 
will scarcely, in any case, be necessary. 

Note. If the mean time at the place of observation is given, it must 
be converted into apparent time, before it is used in finding the meri- 
dian distance. 


EXAMPLES, 


On September 11, 1823, at 3h 7m 2s P. M., apparent time, in lat 
38° 14’ S, long about 20° W, I took a lunar distance, but I could not 
observe the moon’s altitude ; it is required to determine the altitude by 
calculation ? 


©’s R. A. noon. 


3h 7m 2s apparent time at the ship, Sept. 11. 11h 15m 53s + 3m 35s 
1 20 0 longitude in time W; 40 Cor. 
4 27 2 Greenwich time. Tin 62 Sa (veh, A. 
p’s R.A. at 3h. )’s declin. at 3h. )’s hor. par. 
16h 34m 20s + 6m 43s 25° 43’ 25” St 7’ 5A’ 58 15” 

3) 14:7 cor. 3 22 cor. SD cor. 
ie af) 3 4°7 25 46 47 54°53 


ee rs 90 


eS 


)’s pol. dist. 64 13 13 


App.time. . 3h 7m 2s 
©’s BR. An)! OLD TG 8d 


Side times 1ae agrees 
psRiA. . . 16 37! 347 


)’s mer. dist 2 13 59°7 = 33°30/ 
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Half mer. dist, 169 45” 2sin 18°919376 

)’s pol. dist. 64 13 sin. = 9° 954457 

Colatyc ic, «. OL046 sin 9°895145 

DE hs te oye kaon 

Half diff .. 6 135 2sece 20°005136 cos 9°997432 


2) 18+774114 
Arcl.. 14° 7’ sin 9+ 387057 cos 9°986683 


Are 27.1. 74° 36" sin 9°984115 


oi eee ee 


Less 90° ee a@ © 8 @ 59 12 True alt, 
Approximate cor. . 28 


App. alt. nearly . . 58 44 
Truecor. . 2. 4. 27 54 


Correct app. alt, . . 58 44 6 


EXAMPLES FOR EXERCISE. 


In the following examples the apparent altitude is required to the 
nearest minute ? 


Answer, 


Date, Hour, &c. 
Appar, Alt. 


Civil Time. Appar. Time. 


Latitude. ee Object. 


Z 
Ss 


he aes Opa! Q Q , 
1} Feb. 9, 1823.| 2 10 22 P.M. | 55 10 N 16 W © 14 53 
2] Oct. 17, 1826 | 9 40 36 A.M.'| 48 3 N | 160 W © 24 57 
3 | April 4,1825 | 4 3 28 P.M. | 21 50S 59 E © 24 25 
4} Oct. 29, 1841 | 5 32 13 AM, | 42 12S 0 4 8 
5 | Aug. 24, 1822 | 2 7 22 A.M.| 63 17 N 13k Altair | 17 3 
6 | Oct. 11,1823 |11 30.16 P.M.) 60 11.N | (14 Wot eee 
7 | May 17, 1825 | 2 45 38 A.M.| 29 46 S | 125 E | Antares | 63 23 
8 | Mar. 28, 1824 j10 15 36 P.M.| 48 21 N | 27 W] Arcturus | 40 53 


To find the altitudes when a lunar distance is taken, from altitudes 
before and after taking the distance. 


If in taking Junars there be only one observer, let him take the alti- 
tude of each object both before and after taking the distance, noting by 
his watch the time of each observation. Then to find the altitude of 
either object at the time of taking the distance,—add together the comp 
to 10 of the prop log of the interval between taking the altitudes of that 

object, the prop log of the interval between taking the first altitude and 
the distance, and the prop log of the observed change of altitude, and 
the sum, rejecting 10 from the index, will be the prop log of a correction, 
to be added to the first altitude when it is increasing, but subtracted 
from it when decreasing, to obtain the altitude of the object at the time 
of taking the distance, 
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EXAMPLE. 

Time by Watch. 
Bi me 8 S i’ hm s 
4 FF TO )’s alt 34 12 10 Req the alts at 4 15 29 whenthe 
4 12 26 ©’s alt 577-16 40 distance was taken ? 
4115 29 dist®@and¢ 80 34 20 
4 17 29. @salt 56 50 20 
4 19 40 )’s alt 34 50 30 

Moon, Sun. 

m Ss m s 
Int.ofalis . . . 9 30 P.log comp 8°7225 5 3 8°4480 
Firstalt todist . . 5 19 P.log 1°5296_ 3.3 1°7710 
Change of alt. . + 38! 20’P. log 6717 = 26’ 20" 8348) 


Redofalt . . . + 21’ 27” P.log 9238 —15'54” P.log 1-0538 


>’sfirstalt . . , 34° 12 10 _ 57°16 40 


)’s alt at time of dist 34 33 37 ©’s alt 57 0 46 


EXAMPLES FOR EXERCISE. 


Required the altitudes at the time of taking the distance in each of the 
following examples ? , 


Time by Watch. 
h m $s Answer, 
~Hx.1,9 27 34 Marcab’s alt 21° 19’ 30” >’s alt 48° 19% W/ 
9 28 47 )’s alt 48 40 10 %’salt 21 32 52 
ray ae 2 dist ) and 37 29 25 
9 33 14 )’s alt 247° 58, 20 
OSD & Marcab’s alt 21 48 40 
heen s 
¥z,.2:18 . 38 17 )’s alt 30 10 QO d’s alt 30° 34’ 23" 
15 40 25 Aldeb alt 60 , 29. ..0 X’salt 60 38 53 
15 <A2 16 dist and ¥ 48 12 30 
15 44 QO )’s alt 30 45 O 
15 45 37 Aldeb alt 61 4 0 


ON CLEARING THE LUNAR DISTANCE, 


Having given the apparent altitudes of the centres of the moon and the 
sun, or @ star, with their apparent distance, and horizontal paral- 
laxes, to find their true distance, as seen at the centre of the earth. 


Meruop I. 


Wirx the moon’s apparent altitude and horizontal parallax; enter 
Table 24, and take out the correction of her altitude; and at the same 
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time, from 'Table 25, on the opposite page, take out the auxiliary are, 
adding the correction of that. are taken from the column on the right 
of the table, if the other object is the sun or a fixed star, but from 
Table 27 if the other object is a planet. 

The refraction (Table 9) corresponding to a star’s apparent alti- 
tude is its correction of altitude, but the difference of the parallax in 
altitude and the refraction is the correction of altitude of the sun or a 
planet. Now the sun’s parallax in altitude is found in Table 10, and 
that of a planet may be taken from Table 26. 

Add the difference between the correction of the moon’s altitude and 
that of the sun or star, to the sum of the apparent altitudes, and the 
result is the sum of the true altitudes. . 

Then place under each other, in order, the sum of the apparent 
altitudes, the auxiliary arc, and the apparent distance, under which 
draw a line, and below this line place, also in order, the sum and dif- 
ference of the auxiliary arc and the sum of the apparent altitudes, 
and the sum and difference of the auxiliary arc and the apparent 
distance, and under all write the sum of the true altitudes, making 
altogether five arcs. 7 

Then, from Table 28, take the decimal versed sine of the first four 
of these arcs, and the decimal suversed sine of the last one; add them 
together, and the sum, rejecting the tens from the sum of the digits, 
on the left, will be the decimal versed sine of the true distance, which 
will be found (and must be sought for only) in the column correspond- 
ing to the apparent distance, or in one of those immediately adjoining 
to it. 


Mirnop II. 


Take the moon’s correction of altitude, the auxiliary arc, and the sun 
or the star’s correction of altitude, as in Method I. 

Then add the sum of the corrections of altitude to the difference of 
the apparent altitudes, if the moon’s altitude is the greater, but take 
their difference when the moon’s altitude is the less; and the sum or 
the remainder will be the difference of the true altitudes. ; 

Then place under each other, in order, the difference of the apparent 
altitudes, the auxiliary arc, and the apparent distance, under which 
draw a line; and below this line place, also in order, the sum and 
difference of the auxiliary arc, and each of the two others, as in Me- 
thod I., and under all write the difference of the true altitudes, making 
altogether five arcs. 

Then take from Table 28, and add together, the decimal suversed 
sine of the first two of these arcs, and the decimal versed sine of the 
last three, and the sum, rejecting the tens from the sum of the 
digits on the left, will be the decimal versed sine of the true distance ; 
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which will be found in ‘Table 28, either in the column corresponding 
to the apparent distance, or in one of those immediately adjoining 
to it, ’ 

Note. In taking the decimal suversed sine from Table 28, the arc is 
conceived to be increased by one minute. 

Remarks. 1. If the objects are vertically over each other—that is, 
if the difference of their apparent altitudes is equal to the apparent 
distance, take the sum of the corrections of altitude, and add it to the 
_ apparent distance, if the moon’s altitude is the greater, but subtract if 
the moon’s altitude is the less, and the sum or remainder will be the 
true distance. 

2. If the distance between the objects pass through the zenith, or 
the objects be on opposite verticals, that is, when the supplement of the 
sum of the apparent altitudes is equal to the apparent distance, take 
the difference between the corrections of altitude, and add to it the 
apparent distance when the moon’s correction is the less, but subtract it 
when the moon’s correction is the greater, and the sum or remainder 
will be the true distance. 


Examp.e I, 


If the apparent distance of the centres of the sun and moon be 
111° 27’ 1”, the apparent altitude of the sun’s centre 24° 40’, of the 
moon's 16° 53’, and her horizontal, parallax 54’ 56”, required the true 
distance ? | 


Min. )’s parallax 54’, 


Table 24. Table 25. 

. 16° 50’ ABE SITS «5 OUT. 8 BY 
)’s apparent altitude 4 9 3 O browse he ote8 
Nd 0 50 Oa Rte ara ee ae 
Seconds of parallax | 0-6 Br i Vode 0 et 


es 


Correction of (’s altitude . . «© + « 49 28 
@’s altitude. . . °24 40 Correction 1 56) Ji ceeds Onke 


Diff.corrections » - « »« + + + « 47 32 60 8 22 aux. arc. 


—_————— —— 


To clear the distance by the first method. 
) ’s apparent altitude . 2... 6 2 2 © 2 © » © 616° 53! 0" 
©’s apparent altitude . 6. 6 6 ee eee es 24 40 0 


Sum of apparent altitudes » » 2 ee + ee we » 41 33 0 
SEMIOTACTIONS nue) » uot ¢. 0. esis Gl wee ote ce op On 4hog 


Sum of true altitudes. ee 8 oe © © © © 8 42 20 3 
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Sum of apparent altitudes . . . 41°33" 0” 
Auxiliary are « e@ «© e @ © 8 @ 60: S22 


Apparent distance . . +. > 11d 27 41 Parts for! 


Sum of aux. are and preceding one 101 41 22 vers... . 02502... 104 
Difference of ditto oe ee ote LESS 22imers «5-5, 4 :0elee Uae een 
Sum of aux. are and following one 171 35 23 vers... . . 89230 to LG 
Difference of ditto. » . - « + +. OL 18 39 vers »,. tesa os pee ieee 
Sum of true altitudes . 2 « e « 42 20 32 suvers .. . 39043 Hogs: 3 

Sum ofpartsfor’ 394... ° 


o «a , Vers truedist 58065 
110:58 Overs... . o/820 


53 ® ® e ® @ ® 240 
True distance . . . 110 58 53 om 


= 
s 


parts for ” of 
true distance. 


To clear the distance by the second method. 


As above )’s correction 49! 28/” )’s apparent altitude . . 16953’ 0” 
©’s correction. . . . 1 56 ©’s apparent altitude. . 24 40 0 


Sum corrections. . . . 51 24 Difference of apparentalts. 7 47 0 
Tee ah Sum corrections... .. — 51 24 


Difference of true altitudes 6 55 36 


Diff. of apparent altitudes . . 7°47’ O” 
Auxiliary are. 2 {. P20. je > » OU BRS 


Apparent distance. . .... 111 27 1 Paris tee 
Sum of aux.are and preceding one 67 55 22 suvers. . . 75685... 170 


Difference of ditto. . . . .» 52 21.22 suverg. « . LOG0G) teamaue 
Sum of aux.are and following onel71 35 23 vers. . 89230. . . 116 
Difference-of ditto. ... .°...: 51.18 (39 vers . 4. ae Soe ee 
Difference of true altitudes. . 6 55 36 vers... . 07278... 2) 


—_~— 


Sum of parts for”. . 504... 


— 


Vers true distance . . 58060 
110°58’ O”/ vers. . . « 57825 


UME Rees. 235 parts for” of 
true distance. 


True distance . . 110 58 52 t 


— 


Exampte II. 


Given ‘)’s apparent altitude 36° 28’, that of a planet 24° 43’, their — 
apparent distance 71° 46/ 24”, )’s horizontal parallax 58/ 3] 


and the 
planet's 29”, required the true distance ? ; 
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Min. )’s parallax 58’, 
Table 24, Table 25. 


We (36°20)... . 45 21", wg GOTLRT BG 
, taltitude rae, 
D*sapparentaltitudey p78) ° 11 * Be er Raa ge 


Seconds parallax . «J 9) ore t te iA) oe ee eames uae LU 
re OU aes = OO, te 20) 


45 47 
Planet’s apparent alt. 24°43’(ref.)2/ 4” 
amie Tabs 96.” .°. 026 ‘Cor. 1 38,Table 27, 0 0 7 
Super COMTecLIONS§ . « . . . « « 4 + 4¢ 25 60 19 14 aux, arc. 


To compute the true distance by the second method. 


)’s apparent altitude . . .. . . 36°28 0” 
MIO. e.g te fl wf 24.43. 0 


Difference of apparent altitudes .. 1145 0 
Gam of corrections » +» » - «0 +» + 47 25 


Difference of true altitudes . .. . 12 32 25 


Difference of apparent altitudes. . . 11°45/ 00/ 
PURMAIS AEG < «Seis icup 2.2.2 60.19 14 


Apparent distance ....«..-.-. /1 46 24 
aia age Parts for // 
Sum of aux, are and preceding one . 72° 4/14! suvers 07633 . . .. . . . 213 


Ditterence of ditto. . . . . .. » 48,34 14 suvers 61530... . 6... 168 
Sum of aux. are and following one .132 5 38 vers 70211...... - 136 
Seerece ordi.) sss. «oe es LE 27:10 vers 19902. ...... 9 
Difference of true altitudes . . . . 12 32 25 vers 23830 .....4- 26 

Boum OF Darts LORI. 1). tog SMOG shells otre halt cimies 


Vers true distance . «.. ». 83658 
71°33’ 0O/ vers 83523 


DOT apo. 135 { 
True distance. . 71 33 29 


parts for / of 
true distance. 


Exampte ITI. 


If the moon’s apparent altitude be 6° 25’, and that of a fixed star 
37° 40’, their apparent distance 50° 27/ 36”, and ~y’s_ horizontal 
parallax 55’ 14’, required the true distance ? 


Min. )’s parallax 55/. 
Table 24, Table 25, 
GOZAl asa ot erle teu eeAOR Olle coe O0%) SF SOU 
ee eal al sie Cae GL Uae of 'o', Qae 


0 
Seconds parallax . . Oe ofp! ehieh eee Rome MLO en's’ «yO. OE 
Neha A iss oad ake eee oe, te Oe 


) ’s apparent altitude 


Correction )’s altitude .....-.-.e.. 46 56 
%’sapparent altitude ..... .37940/cor 114 ... 0 0 0 


Difference of corrections . » - + «6 «© « « « « 45 42 60 2 41 aux,are. 
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).’s apparent altitiide 45.6 .+ .'.« . 6° 2p) OF 
%’s apparent altitude . . . . « « 37 40 O 


' Sum of apparent altitudes. 3°72) 3 13... 44.55 Oo 
Difference of corrections . . . . . - O 465 42 


Sum of true altitudes) 6 2.0... >. 44 50:42 


To compute the true distance by the first method. 


Sum of apparent altitudes . . . 44° 5! 0% 
Auxiliary are = 4 es el + We UO ee ad 


é Ri) 9 
Apparent distance .« « « »« « 50 27 36 Betis Wey i 


Sum of aux. arc and preceding one 104 7 41 vers 43897 . .. . ., 4193 
Differenceof ditto . . .« - «+ 15 57 41 ‘vers 38498 —)); eee 
Sum of aux. are and following one . 110 30 17 vers 50207) a eee 
Difference of ditto . 2. «@s% 02% 9.35 %S‘ overs 7413900 9 eee 4 
Sum of true altitudes, . . . . 44 50 42° suvers 08950, "eee 

Sum of parts for”: 0)..." 2". 5 eae 3 


° 


Vers true distance . .° »*.) »& DDagOZ 
49° 54/ 0” vers 65876 - 


7 ae oe for” of true 


distance, 
True distance . 49 54 7 


In clearing the distance, to allow for the spheroidal figure of the earth. 


Observe the azimuths of the objects, reckoning from the sotith in 
north latitude, and from the north in south latitude; and with the 
reduction of lat from Tab. 18, taken as a distance, in Tab. 2, and the 
azimuth of each object as a course, when less, but its supplement 
when more than 90°, the correction of the object’s alt is found in the 
latitude column, to be added to the apparent alt when the azimuth is 
less, but subtracted from it when the azimuthis more than 90°, 

The corrections of alt may be taken to the nearest minute, and no 
great precision is required in the azimuths. 

With the apparent alts thus corrected, the apparent distance, and 
the moon’s horizontal parallax adapted to the latitude by Tab. 12, clear 
the distance by either of the preceding methods, and the result will be 
the true distance, adapted to the spheroidal figure of the earth, 


EXAMPLE. 


If the azimuth of the sum. in the example (page 265) be S 24° W, 
that of the moon S 126° W, and the lat 40° N, required the true dis- 
tance? ae ‘i a 

The reduction of par* by Tab. 12 is about 5”, whence the reduced 
par is 54’ 51”; the reduction of lat by Table 13 is 11! 16”=113 
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nearly: with which as a dist, and 24°, the sun’s azimuth, as a course, 
and 54°, the supplement of the moon’s.azimuth, as a course, we have 
the correction of the sun’s altitude = 103 = 10’ 18” +-, and the cor- 
rection of the moon’s altitude = 664 = 6/ 38’"—., Hence the sun’s 
apparent altitude corrected for the figure of the earth is 24° 50’ 18”, 
the moon’s 16° 46’ 22”, the moon’s reduced par* 54’ 51”, and the app 
distance as before 111° 27’ 1”. With these data, by either of the fore- 
going methods of clearing the distance, the true distance is found 110° 
58’ 48”, differing 4.or 5 seconds from that found as. before without 
allowing for the earth’s figure. 

In sea practice, however, the corrections of altitude for the figure of 
the earth are generally neglected, as they are in all the following 
examples. 


EXAMPLES FOR EXERCISE, 


In each of the following examples the true distance is required ? 


No, | Apparent Altitude of | }’s apparent |Apparent central] }’s Horiz. True 
@), ora fixed *, Altitude, Distance. Parallax. Distance. 
fe) / fo Nene ©. oy) Wy / Ml Ong im ff 
1 ©! 86-3 39 «#618 46 45 0 53 61 6,4 25 
2 % 29 47 of 22 af aDaL0 60 31] 28 8 24 
3 © 60 5 63 12 59 pie 58 30 | 50 41 15 
4 % 34. 28 10 42 49 18 38 61 11 | 48 45 32 
5 ©). Sag 20 19 24 120 18 46 57 14 |120 1 46 
6 *% 43 27 ay” 9 18-27 30 OO 20 1B Gore 
7 xX 53 13 o7 32 60 13 49 60 52) 59 48 12 
8 © 72 26 18 30 81 2 28 60 58 | 80 9 33 
9 © 60 33 9 26 70 36 16 59 57 | 69-49 12 

y and Planets. 
No. | }’sapparent} Planet’s )’s Dist. | )’s Horizon-| Planet’s True 


Altitude. jappar. Alt.| from Planet.} tal Parallax.} Parallax.| Distance. 


— 


0) / co) / fo) / 4 / di ii o / i“ 
10| 58 36 | 16 23 | 69 37 20] 56° 0 31 | 69 40 30 
far eo 4 1°35 $30 | 60, 4.3.1. 61,416 18 | 59 58 57 
12| 16 26 |29 41 | 9815 31] 60 35 90 | 97 45 4 
31°50 14 |51 3/40 0 0] 54 50 25 | 39 44 42 


By) G2. 12 =|. 38. 27.).37 50.34). 55°13 23 37 58 14 


From the moon’s known or computed right ascension, or distance from 
the sun or a star, to find the Greenwich time, when the right ascen- 
sions or distances are given for every hour. 


Take the two right ascensions or distances which the given one falls 
between, (and they will always be found on the given day, or the pre- 
* ceding or following one,) and ‘place them below the given one in the 
order of time in which they stand in the Ephemeris, and take the 
difference between the middle one and each of the others. 
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Then to ‘4771 (the proportional log of 60m) add the proportional 
logarithm of the less difference, and the complement to 10 of the 
proportional logarithm of the greater difference, and the sum, rejecting 
10 from the index, will be the proportional logarithm of a portion of 
time, which, added to the time corresponding to the first right ascen- 
sion or distance, will give the Greenwich time. 


EXAMPLE. 


If the moon’s distance from a star be 47° 12’ 50” at 9h, and 
46° 40’ 35” at 10h, and the true distance be found by computing from 
an observation to be 46° 58’ 19”, what is the Greenwich time ? 

True dist’. sss 40° OG .l a" 

Dist at Ohi. (e747 91256 

Following dist ... 46 40 35 "4771 

Diff of Ist and 2d 14 31] ...-+...-.+.. Prop log 1°0934 
2d 3d 32 15 Comp to 10 of Prop log 9° 2533 


Oh 27m Os Prop log °*8238 
Time of Ist dist.. 9 


oe 


Greenwich time... 9 27 O 


EXAMPLES FOR EXERCISE. 


The right ascension of the moon on September 13, 1835, being as 
given at p. 228, required the Greenwich time corresponding to each of 
the following right ascensions ? 


Answer. 
)’s Right Ascension. Greenwich Time. 
h m 68 heim * 8 
iE 4 2 20°23 1 23 26°7 
2. 4 6 12°86 3°18 1027 
3. 4 11 59°37 6 8 8'2 
4, 4 0 46°53 0 37 8°0 


Given the moon's right ascension, or her true distance from the sun or 
a star, to find the apparent time at Greenwich, when the right ascen- 
sions or distances are given for every third hour. 


For the given day, or in that preceding or following it, take from the 
Nautical Almanac the two right ascensions or distances between which 
the given one falls, and write them under the given one in the order of 
- time in which they stand in the Almanac. Take the difference between ° 
the middle one of these three and each of the others, and subtract the 
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proportional log of the greater difference from the proportional log of 
the less, and the remainder will be the proportional log of the time to 
be added to that corresponding to the first right ascension or distance 
taken from the Almanac, for the required Greenwich apparent time. 

Note. Ifthe given distance be exactly found in the Almanac, the 
apparent time at Greenwich will be found above it. 

If the right ascensions and distances are given for mean time, the 
Greenwich mean time will be found as above. 


EXAMPLE, 


On September 16, 1823, the true distance of the moon’s centre from 
Antares was 65° 49/ 30”, required the apparent time at Greenwich ° 
atne distance i; <«. « 65° 49’ 30” 


ese aim. } at 6h 64 34 42, first diff, 1° 14’ 48”, prop. log . 3814 


Distance at . . . 9h66 5 2,second diff. 1 30 20, prop.log . 2994 


——~ 


2h 29m 2s proplog - 820 


Time of first distance . . . 6 0 O 


Greenwich time Wit ek cit ste hea ee 


—— 


The Greenwich time being computed as above, to find the correction of 
it in account of second differences. 


Find the second difference of distance, as in Prob. 16, page 225, and 
with the change of distance in three hours, at the top, and the Green- 
wich time past 0, 3, 6, &c. hours, computed as above in the side 
column, take the number from the following table, and multiply it by 
the second difference for the required correction. 

Then if the equation of second difference is additive, subtract the 
correction in increasing, and add it in decreasing distance; and the 
contrary when the equation of second difference is subtractive. 


Hits &es by ever Change of distance in three hours. vib asieew byverdh 


proportion, 1° lo! 1° 30! 1° 50" proportion, 


h m 8 s s h m 
0 0 ‘00 °00 °00 3 0 
0 20 rg is ‘10 08 2 40 
0 40 ones ge hy “t5 2 20 
1 0 *28 “ee “18 2 0 
1 20 *32 “ab 820) 1 40 
1 30 *32 pa tas *20 1 30 


ES SE ed Mane So ee 


da 
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Thus in the preceding example we have the following distances: 


1s rt os pam: Ma Ws 
6 64 34 42 
9% 66 «(Os pe 
12’. 67 [508 3 
130 °40:. 2 

130 39 44 
2)18 

Second diff 9, equa of second diff subtractive. 


With 1° 30’ at the top, and 2h 29m at the side, we have ‘13s in the 
table. Hence °13s x 9 = 1s°17 the correction of Greenwich time, 
additive, as the equation of second difference is subtractive, and the 
distances are increasing. Hence the true Greenwich app time is 

Sh 29m 2s + 1s = 8h 29m 3s. 

This minute correction is not applied in the following sari pie ; but 
it has been thought right to show how it may be found when for the 
sake of insuring extreme accuracy it may be required. 


EXAMPLES FOR EXERCISE. 


In each of the following examples the time at Greenwich is 
required ? | 


| 
No. Ste eee y's Teer aes from Time at Greenwich, 
Se aid ‘toate 
1 | September 12, 1823 | © 98 40 46 | September 12, 13 47 22 
2 | September 9, 1823 | © 70 14 21 | September 10, 0 23 50 
3 | September 14, 1823 | a Pegasi 64 18 40 | September 14, 7 32 4 
4 | September 23, 1823 | Pollux 61 22 5 | September 23, 19 59 10 
9 | September 25, 1823 |] © 113 10 8 | September 25, 6 0O- 0 
6 | September 22, 1823 | Fomalhaut 56 11 29 | September 21, 19 56 38 


The distances of the moon from the sun and principal fixed stars are 
given in Table 31, for September 1823, in the form in which they were 
then published in the Nautical Almanac. Since 1834 the distances 
have been given as in the following specimen, which is taken from the 
Almanac for 1836. | 
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aa August 1836. Mean Time, Lunar Distances. 
=3 | | | | 
Star's Name and : PL. | lel] 4 PEs tc 
Z Position. — Diff. a, ee.) | 
2 3 ae ra li OR a aml ; ‘ ‘ . 

1 aAquile W "1 29 iB 3475 | 2 50 5 3478 || 74 10 54 3481 | = | 
Fomalhaut W | 38 320 | 3033 || 393252 | 3018 |} 41 243! 3007) 2 | 
Aldeberan E | 611326 | 2596 | 593495 | 9616 || 57 55 52 | 2636 | = 
Mars E | 71 43 96 | 2779 || 70 $31 | 2798 || 6834 1/| 9818 | Bs 
Sun E [193 0/8 | 2897 | 121 27 45 | 2916 | 119 55 46 | 2935 | $5 

2 | aAquile Ww | 821338 | 3598 |! 833331 | 3540 || 845311! 3553 | 52 
Fomalhaut W 50 428 ; 2995 | 51 34 47 | 2998 || 53 5 2) 3003) o& | 
aPegai W | 35 3 4 | 4065 | 361340 | 3978 || 37 95 41 | 3905 | &° | 
Aldeberan E | 4814 1 | 2753 | 46 38 38 | 2778 || 45 34119799; | 
Mars EB | 5915 39 | 2931 | 57 43 59 | 2948 |) 56 12 41 | 9967/ § 
Sun E_| 110 52 10 | 3046 || 109 22 54 | 3064 | 107 54 1 | 3082 | 
. : : i 


W signifies that the sun or star is west, and E that it is east of the 
moon, and P. L. diff is the prop log of the distances between which it 
stands. All the objects in distance are found at once by referring to 
the day of the month. Thus we see above that on the 2d of August, 
1836, « Aquile, Fomalhaut, and « Pegasi are in distance west, and 
Aldeberan, Mars, and the sun east of the moon. 

To find the Greenwich time froma given distance, when the com- 
puted distances are arranged in this manner, seek in the Nautical 
Almanac the two computed distances of the object observed between 
which the given distance falls, take out the preceding of these distances. 
and the prop log which follows it. Subtract this prop log from that of 
the difference between the given distance and the said preceding one, 
and the remainder is the prop log of a portion of time, which, added to 
the time corresponding to tle preceding distance in the Almanac, will 
give the Greenwich time. ‘ 

EXAMPLE. 

If on August 2, 1836, the distance of the moon from Mars is 

56° 30/8”, required the Greenwich time ? 
os. DG 30" 8 
Suenos. ......... 97 43 59 PL. diff.... 2948 


15,15. 51, (Biber e2 |. eee 


— ————— 


2h 26m 56°5s P.L. SSl 


Time of preceding dist ....... 3 


Dering... .<s.< oe. 5 26 56°5 


: 
EXAMPLES FoR EXERCISE. 


Required the Greenwich time corresponding to each of the following 
distances ? 
Dist. Answer. 
August Ist, 1836 ) from Fomalhaut 40° 13/49’ 4h 22m 3s 
) from Mare, 2s, .70 57 29. 1. 27.8 
2d ) froma Pegasi. 37 4412 6 45 30 
) from Sun ..... 109 43 20 2 18 47 


x 
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TO FIND THE LONGITUDE BY LUNAR 
OBSERVATIONS. 


Wiru the time by the watch when the observations are taken, and the 
longitude by account, find the Greenwich time by account, as in 
Problem 4, page 215, and for that time take the moon’s semidiameter 
and horizontal parallax from the Nautical Almanac, correcting the 
semidiameter by Table 14, and the parallax by Table 12. ‘Take the 
sun’s semidiameter for the given day, and correcting the observed 
altitudes for semidiameter and dip, call the results the apparent 
altitudes, 

Add the sum of the sun and moon’s semidiameters to the observed 
distance, if the sun is one of the objects observed; but if the observed 
distance is of the moon’s limb from a star, add her semidiameter to the 
observed distance, or subtract it, according as the distance is measured 
from the nearest or farthest limb, and the result will be the apparent 
central distance. 

The semidiameters ought, in strictness, to be corrected by Table 15; 
and, in practice, the inclination of the semidiameter to the horizon, to 
enter the table, may in general be estimated near enough by the eye; 
but this correction, being in all cases small, and in most cases utterly 
insignificant, is in sea practice generally disregarded. 

From the apparent altitudes, the parallaxes, and apparent distance, 
compute the true distance, (see page 263,) and find the mean time at 
Greenwich, to which the true distance corresponds, by the last two 
problems. 

Then if the sun or the star be at a proper distance from the meri- 
dian, compute from its true altitude, &c., the apparent time, and 
thence by applying the equation of time, the mean time at the place of 
observation, (see page 248), and the difference between this mean 
time, and the mean time at Greenwich, found from the distance, will 
be the longitude of the place in time; west if the Greenwich time is 
before, but east if the Greenwich time is behind the time at the place 
of observation. 

The difference between, the time found from the distance, and the 
time by achronometer when the distance is taken, will be the error of the 
chronometer for mean Greenwich time, if the distance is correctly ob- 
served, and thus the error and rate of a chronometer may be found 
at sea. 

If the sun or the star be too near the meridian for computing from 
its altitude the time with exactness, or if the altitudes have been indif- 
ferently observed, the error of the watch by which the times of taking 
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the distances are noted must be found by altitudes taken for the pur- 
pose, when the sun or a known fixed star bears nearly east or west, or. 
is, at any rate, at any considerable azimuthal distance from the 
meridian. If the watch be found slow for mean time, add its error to 
the time which it showed when the distances were observed ; but if fast, 
subtract its error, andthe sum or remainder will be the mean time at 
the meridian where the error of the watch was found, at the instant 
when the distances are measured; the difference between which time 
aud the Greenwich time, found as above from the distance, will be the 
longitude of the place where the altitudes are taken for finding the 
error of the watch. 

But it may sometimes happen that the lunar distance can be mea- 
sured, when, from the obscurity of the horizon, the altitudes cannot be 
observed at all. In this case, the altitudes for clearing the distance 
must be computed; but, to compute the altitudes, it is necessary that 
the time at the place of observation should be known. Let therefore 
the error of the watch be found by altitudes, taken at some convenient 
opportunity, before or after the distances are observed. Compute from 
the log the difference of longitude made in the interval between taking 
the distances and taking the altitudes for the error of the watch; and 
if the distances are taken to the eastward of the altitudes, add the 
difference of longitude in time to the time of taking the distances, 
corrected by the error of the watch; but subtract it if the distances are 
taken to the westward of the altitudes; and the sum or remainder will 
be the time at the place where the distances were taken at the instant 
at which they were observed. ‘Then with this time, the latitude at the 
same instant deduced from the log, the declinations, &c. of the objects, 
let their apparent altitudes be computed, as shown at p. 260, and with 
the altitudes and distance compute the true distance, and thence find 
the Greenwich time and longitude as before. 

Since 1834, the lunar distances in the Nautical Almanac show 
the mean time at Greenwich ; and the apparent time at the place of ob- 
servation, deduced from altitudes, must then be converted into mean 
time, by applying the equation of time with the sign given in the 
Almanac. 

In finding the longitude by chronometer, it is not now neces- 
sary to reduce the mean Greenwich time into apparent time, to take 
the data from the Almanac; the mean time at the place of observa- 
tion compared with the mean time at Greenwich, shown by the chro- 
nometer, will give the longitude of the place in time. 

The mean refractions may be corrected for the state of the baro- 
meter and thermometer (see Table 11) ; but very low altitudes should, 
if possible, be avoided, when minute accuracy in the result is desired. 

T2 
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EXamMPuLe I, 


On September 12, 1823, in latitude 26° 30’ N, longitude by account 
24° W, at 5h 34m P. M., per watch, the altitude of © was 7° 37’ —, 
of 2 35° 35’, distance of their nearest limbs 95° 18/17”, height of the 


eye 25 feet, required the longitude ? 


Time per watch . 


Longitude 24° W,intime . . . 


Greenwich time by account 


)’s semidiameter at noon 14! 52//— 3/ 


Correction for Green time — 2 ation Wn ne en 
14 50 Equatorial parallax . . 54 26 
Aug for alt, Tablel4 . . + 9 Red for lat, Table 12 omg i 
)’s true semidiameter. . 14 59 »’s reduced hor par 54 24 
Altitude ©. . p7370D Altitude::")i 2a 5 ee 
Semidiameter . . . + 15 56 Semidiameter . . . + 14 59 
7 52 56 | 35 49 59 
Dip e A Fy e s bs ._ 4 55 Dip ° e e e e ° a 4 55 
©’s apparent altitude 7 8480°1 }’s apparent altitude . 35 45 4 
Correction ti airis 18 6 30 Ty 
©’s truealtitude  . 7 41 31 
Min. )’s parallax 54’, 
Table 24. Table 25. 
. : 35° A060, «ei AO) 28 es nl ee ee 
)’s apparent altitude 0 hee.) ae 
OF 20" oe nO . ee ee 
at Sate ' Mae w sa). 1 
Correction )’saltitude . . .« « 42 50 
©’s apparent alt 7° 48’ correction . 630 . . . . 0 0 2 
Difference of corrections . 36.20 “. %. %. . 9.) OOtn een, ee 
)’s apparent altitude . . 35°45! 4’ Observed distance. . + 95° 18/17!” 
©’s apparent altitude . 7 48 1 y’s semidiameter . . + 0 14 59 © 
Sum of apparent altitudes . 43 33 5 ©’s semidiameter. . » 9 15 56 


Difference of corrections . 


Sum of true altitudes . . 44 


ee ree 


5h 34m 


1766 


740 


)’s hor. parallax at noon 54/31"—9” 


Apparent central dist . . 
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The true distance computed by the first method. 
Sum of apparent altitudes . . . . 43° 33! = 5/ 
CS a a Aa 
Apparent distance . . . . . «95 49 12 Parts for / 


Sum of auxiliary arcand precedingone 103 50 29 vers 39098 . . . 137 
Dmeeremerarmito ss. lw ,C«i«s;SC«w:tCes«CdGSC4A:sCéi«d'9)ss ess 42345 1, 26 
Sum of auxiliary arc and followingone 156 6 36 vers 14254. . . 70 
ieee se lk ww wD. 31 «648. vers. 86053... «6. 136 
Sum of true altitudes . . . 7 447 9 25. suvets hea Osun ole et Peo 


Sum of parts for” . . Warn Te > align. 


ns 


Vers true distance . . 99554 
95° 42’ 0” vers 99320 


True distance 95 42 49 


To find the mean time at Greenwich. 
Tiue distance . . . . 95° 42/ 49” 
Distanceat . . . 6h 95 8 17 first diff. 0° 34’ 32” prop log 7170 
Distance at. . . 9h 96 3013 seconddiff.1 21 56 prop log 3418 
1h 15m 52 prop log 3752 


Time of first distance... 6 0 O 


Mean time at Greenwich. . 7 15 52 


To find the mean time at the place of observation. 


j parts for” of 
id true distance, 


©’s dec at noon 4° 24’ 7” N — 22/56” Green time 7h 16m, log, Table 30, 5189 


Cor.forGT — 6 57 Daily change ©’s dec 22/56" do. 198 
©)’s true dec Ai 17.10 Cor. ©’s dec for Green T6'57/do. 5387 
90 a 


eee 


©’s polar dist 85 42 50 In the same way the equation of time is found 
Sa to be 3m, 42s, sub, from app time 
@ystruealtitude . . . . 7? Al’ 3" 
Pacers. (wll w:lCSCt 26:6 80. C0 Cec “048209 
©’s polar distance . . » 85 42 50 cosec ‘001216 


eee 2) 119. 54 21 


MEMIMAUME @ , 25 te 4s 99 57 10 cos 9:699582 

Remainder . «6 . - 52 15 39 sin 9898073 
Tab.5* App time at place of observation 5h 34m 8s —- 9647080 

Equattime,sub . 9. . « -» 3 42 

Meantime atplace . .« . «5 30 26 

DittoatGreenwich . . «© «7 15 52 


Mey . «eee | L 45 26 longain time W-= 26° 214) W. 


Examp.e II. 


On September 27, 1823, at 5h 7m A.M. per watch, in latitude 
28° 37’ S, longitude by account 112° W, the altitude of 2 was 
34° 20’, and of Regulus 10° 40/ +, distance of the star from )’s 
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nearest limb 53° 35’ 39”, height 
longitude ? 
Time perwatch. . . 
Longitude 112° W, in time 


Greenwich time by account . 


)’s semidiameter at noon 16’ 6” + 2 
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of the eye 12 feet; required the 


. 17h 7m September 26. 
7. 28 . 


Oi Be September 27. 


)’s hor parallax at noon HO! 7 4. 6M 


Correction for Green time 0 0 , oe Ee eee 0 
16 6 Equatorial parallax . . 59 7 
Aug for altitude 9 Reduction for latitude 3 
)’s true semidiameter 16 15 y’s red hor par. «+ 59 4 
Altitude. . .*% « 34°20! 0” %’s observed altitude 10° 40/ 0” 
Semidiameter. . eomk 16,15 Dip i os eee — 3 25 
34 36 15 %’s apparent altitude 10 36 35 
Dip of en oti ae Refraction . . - 0 4 58 
)’s apparent altitude . . 34 32 50 %’s true altitude fe LO adh AaP 
Min. y’s parallax 59, | 
Table 24. Table 25. 
0 3 0 4 e e e e 0 0 1 
Sec parallax) 2... 0 AM. we OO Se i ee 
Correction j’s altitude . . - « « 4/7 17 
3¢%s apparent altitude 10° 37', cor. .4 58°.) 6) » (0 en 


—_————— 


Sum. of corrections «.. 6. 6 ew ale 


y's apparent altitude . . . 


62 155 oa 
. 34°-39/ 500" 


60 18 25aux.are. 


*k’s apparent altitude 
Diff apparent altitudes . . . 
Sum of corrections . . . 


Difference of true altitudes 


- 24 48 30 


The true distance computed by the second method. 


Difference of apparent altitudes . 
Auxiliary are . 
Apparent distance 


Sum of auxiliary are and preceding one 


Difference of ditto 


Sum of auxiliary arc and following one 114 10 19 


Difference of ditto 
Difference of true altitudes . 


True distance 


(239 66! 157 


OUTS 20 
LENS r De 
84 14 40 suvers 00188 . 
. « 386 22 10 .suvers 05066 . 
vers 09392 
é: 6),26..31.. vers Ghee 
. 24 48 30. vers «© 92222 
Sum of partsfor” . . 403 . 
Vers true distance . . 13568 
54° 5/0" vers 13392 
45 1764 


d4 5 45 


——s 


- 10 36 35 Observed distance 53° 35/ 39” 
. 23 5615  )’s semidiameter + 16 15 
oa Els) fal bs) Apparent central dist 53 51 54 


Parts for ” 


pi UE 
‘ 145 
» « 84 
eee 
og an cow 


parts for” of 
true distance. 
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‘ To find the mean time at Greenwich. 


True distance. . « « 54° 5/45" 
Distance at noon, Sept.27,54 20 29 first difference 0° 14/44” P. log 10870 
Distance at . . . 3h 52 34 58 _ seconddifferencel 45 31  P.log 2319 
| September 27. 0 25 8 P.log 8551 
| 24 0 0 Tis 


Greenwich mean time, September 26, 24 25 8 for the astro- 


nomical time at tHe place of observation being on the 26th, the time at Greenwich 
must be estimated from the noon of the same day. 


‘To find the mean time at the place of observation. 


~ @’s ‘RA, iitember 27, at noon, Greenwich time, 12h 13m 2s + 3m 37s 
Correction for 0h 25mpastnoon . . . - . 0 0 5 


@yemeuuced IVA cs sis pe cha awe Lama Ladue 
*%’s RA, Jan. 1, 1820, 9h 58m 47s + 321s Declination . 1. 12° 50! 36" N—17-23! 


321s X 33 years= . . oot 12 17: 23 X 3g years= — | 4 
%’sreduced RA ., Qe & 58 59 X’s red dec 12 4¢ 49 32 N 
> ars" eae ; 90 0 0 


%’spoldist 102 49 32 


seca truealitude. .  ~ ,,109,31! 37” 
eerieee es as S38 37. U sec. , 056583 
¥’s polar distance . . 102 49 32  cosec ‘010973 


es 


ry, , 2) 141 38 9 


Rimipetmiws ss fll 70 59 4 ~~ cos 9:512985 
Memmiainders 9. SCs 60 27 27 ~— sin 9°939507 


Table 5* %’s meridian distance ., I9h18m56s 9:520048 
ees. | | 8 58 59 th 


RA meridian me, Od Wy ion la fa 
i A Sa aris RE Its ay 


App time at pl of obser 17 4 48 
FEqtime sub .. . .« 8 50 


Mean time at place . .16 55 58 
Ditto at Greenwich . . 24 25 = 8 


Difference. . . - . “7 29 +10 long in time W, = 112° 173! W 


Exampte III. 


Ou September 16, 1823, at noon, we were in latitude 28° 27’ N, and 
longitude by account 40° W; at 4h 1m 2s P.M. per watch, the altitude 
of © was 30° 14’ —, and at 7h 40m 2s the distance of )’s nearest 
limb from Antares was 66° 27/ 38”, the ship having run from noon 
S W4W 5 miles an hour, height of the eye 12 feet; required the 
longitude when the distance was measured ? 
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The distance run from noon till 4h P.M, is 20 miles, and till 7h 40m 
38 miles, and with the course, 44 points, and these distances, the diff 
lat. made from noon till 4h P.M. is about 13, and the dep. 15°5 miles, 
and till 7h 40m the diff Jat is about 24 miles; hence the lat, when the 
©’s alt was observed for time, was nearly 28° 14’ N, and the long 
by account 40° 17’ W: and the lat, when the lunar was taken, was 
28° 3! N, and the lone by account 40° 33’ nearly. 

Again, from 4h P.M. till 7h 40m, the ship had run S W 3 W, about 
18 miles, whence the departure which she had made in that time is 14 
miles nearly, with which, and the middle latitude, nearly 28°, the dif- 
terence of longitude which she has made is in time 1m 4s W. 


To find the error of the watch from ©’s altitude. 


Time per watch. . 4h Im 2s ©’sdeclinationat noon 2° 51’ 58” N —23/ 11” 
Long in time by acct. 2 41 8 Cor for Greentime . 0 6 28 


Green time by acct. 6 42 10 ©’s declat given time 2 45 30 
90 


©’s polar distance . 87 14 30 


pa 


Observed alt. G 30° 14’ 0” @>'s altitude ©. ~. S0°7@a/aaa” 
©’ssemid. . + 15 57 Latitude, >, 9. < 28) S34 si aie 055010 


30 129) 57 ©’s polar distance 87 14 30  cosec ‘000504 


Digi: Seen ahh Fi 395 2)145 53 33 
©’sappalt © . 30 26 32 72 56 46 cos. 9°467269 
Cor of alt- . . -— -1 29 42 31,43 sin 9 9°329919 


©’s true alt . 30-25: 3 Apparent time. . dh4d6m4]1s . . 9:352702 


——_ ___. 


Time perwatch .4 1 2 


————— 


Watch fast for apparent time 14 21 


Time per watch when distance was observed . « . . 7h 40m 2s 
Watch fast for time at the meridian on‘which the ship was at th p, M. 0 14 21 
Apparent time at that meridian. . . . ; ere. Fe 25 Al 


i 
Difference of longitude in time made since 4h P. M., W est, sub. A.) Pe 


Apparent time at the meridian on which the distance was taken . . 7 24 37 
Longitude by account intime W . 0 ew Me iS, 


Greenwich time by account when the distance was observed . . . 10 6 49 
The right ascension of the sun, and the right ascension, declination, 
&c. of the moon, and the star being reduced to this time, we have 
®’s R. A. 11h 35m Is, )’s R. A. 21h 2m 59s, y’s P. D. 105° 15’ 38”, 
s R.A. 16h 18m 36s, *’s P. D. 116° 1’ 50”, )’s horizontal semi- 
diameter 14’ 52”, and parallax corrected by Table 14, 54/ 28”, 


Apparent time . 
@©’sRA «+ 


RAmer , . 
Sera. 
)’smer dist . 

Half mer dist 


Indegrees . . 


Half )’s mer dist 


)’s polar dist 
Colat 

i i 
Half diff . 
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sthl 
“ie te] 


we LSP 425! 


7h 24m 37s 
B5 +51 


59 38 
2 59 
As ale 4 
mules 405 
re 


——— 


RA mer 
X¥’sRA 
%’s mer dist 
Half mer dist 


In degrees . 


To compute the moon’s altitude. 


15° 25' 7” 2 sin 18*849336 
ae Lows sin 9°984410 
GleediiO si 9 945733 
43 18 38 

21 39 19 2 see 20:063576 
2) 18843055 
Tt eee WY sin 9:421527 
Arc2 . 63° 41/47" 
2 
dees O° 2)... 37123) 34 

42 
36 41 34 
42 24 
36 41 10 


To compute the star’s altitude. 


» 18h 59m 38s 
. 16 18 36 


2 41 2 


PUR 20 ST 


20° 7! 45m 


oe 


cos 9°968212 


cos 9:984318 


sin 9°952530 


)’s true alt 
Cor nearly 


App alt nearly 
True cor 


)’s app alt 


Half ¥’s mer dist 20° 7/45" 2.sin 19:073464 
%’s polar dist . 116 1 50 sin 9°953547 
Ges «ss 61 57 0 sin =: 9945733 
ot ay eas 54 4 50 . 
Half diff. . . 27 2 23 2.sec 20°100550 cos 9°949725 
2) 19-073294 
Are‘l . 20 7 30 sin 9°536647 cos 9:972640 
Are. 2... (907,40) 77) Sim 922369 
De — 
Less 90° . . 23 30 14 X’s true alt 
2 11 Cor 
23 32 25 ’s app alt 
13 8 45 Diffapp alts )and 


Aux, arc, Table 25, 60° 17! 48” 


eee nee 


13 53 20 


ee eee 


Diff true alts 
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To compute the true distance and find the Greenwich time. 


)’s hor semid gy anaes 14/ 52" 
Aug e . e ei ‘a . 9 
15°41 


)’sn.1l. from % . . 66° 37 38 


Appcentdist . . . 66 42 39 


Dirapp alte’... ry Lae eee 
Auxiliary arc «6 6), «4a 60°17 48 


App disth coc. 0) si ie bee DO e429 Parts for! 


Sum ‘of Istand 2d ares . . 73 26 33 suvers 84825 | . 126 
DsTE ORE Leek Se Both ns as Oe tas suvers 79868 .  . 204 
Sunes sd ts wise eee eae ey vers, 01815°0 39.5 alee 
Ditto. the ie PRR Os tes JO) vers 062322550, manne 
Dit AGC) spire ie Bir ee LOMO OE AO vers -292)4.° 78 cae 
Sum of parts for’ . . 47 G eee 


Vers true dist 02430 
vers 66° 34! 02318 


—. 


431 112 parts for” of true dist 


—— — 


True nist’. ‘wt boa 00tlO4 azo 
Dist at 9h sm ey pe Tye wish ol 
Following dist . . 67 35 31 


—_— ——_— — 


29 23 Prop log 7872 
1 30 29 Prop log 2987 


— 


58 27 Prop log 4885 


9 App time at place 7h 24m 37s 


_ Meantime at Greenwich 9 58 27 Kq time AM Raped, 6 
Ditto at placeofobs . 7 19 31 Meantime . . 7 19.31 


nd 


Longin timeW . . 2 38 56 = 39° 44’ W 


eg a a 
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EXAMPLES FOR EXERCISE. 


In the following examples the time at the place of observation is 
deduced from ©’s altitude observed with the distance, the longitude 
being required ? 


Date, Hour, &e. Long. by Apparent Height} True Answer. 
No.| Civil by Watch. Lat. Acct. Altitudes, Distance, ofthe | Distance. | Longitude. 
Time. Eye 
1823. hm s Hoye 5 “ feet Oo Nae: ab) eye Ys Sey) 
1 | Sept. 8} 3 28 10 P.M. 38 10 N 35 W tet: n. I. 49 5 44 16 49 23 56 |35 5 OW 
cO} s — 


—  —____-— -—__— 


; 8 ; 
2|\Sept.10] 4 5 40P.M.|15 78] 97 W ie font | Hel. O08 G68 las 16 


——| EE 


3 | Sept. 29| 7 30 14.A.M. |48 30N 2 62 37 


a | me 


4 |Sept.12| 415 7P.M.|20 458 94 53 57 | 19 16 30 W 


| 
ee 


5 |Sept.25| 72516 A.M.|40 50N| 44w [2 #35) [| n1.117 9051] 18 111717 49] 44 35 15 w 


age | 2 2745 |n.1.1131910]| 15 | 113 10 10] 88 44 30 


| 
| RE EY Aare ee een ere 


31°99 BE] > 79 41) 1 ni, 5310 4] 24 


7 |Sept.30| 9 14 48 A.M. |32 40N ao 37 16+ 


53 40 1;31 9 OF 


0 
g|Sept.29] 9 3 5A.M.|5317N| 21° W | 2 93 3g. |n. 1. 64.3631] 10 | 65 531) 20 44 OW 


In the following examples the time at the place of observation is 
deduced from *’s altitude observed with the distance, the longitude 


being required ? 
Date, Hour, &e. Long. Apparent Height} True Answer. 
No.| Civil by Watch. Lat, |by Acct. Altitudes, Distance. of | Distance. | Longitude. 
Time Eye. 
1993. | hm s ’ : Neath iatee tenn’ Spent’ ts ; 
9|Sept.8|8450 PM.|9450S|1i3 Owl 4 fols |t1.31 49 54] 14° | $0 4255 [12 8 15Ww 


Antares 42 19— 


10 |Sept.16| 7 48.0 P.M.|40 30Nl19 95 Ww), 2 “8 4) _[n. 1. 65 47 50] 16 | 66 5 33 | 19°273'W 


—— SS ees 


a ed 


3 a 9 6 5 c 
11 |Sept.24| 7 36 0 BP B35 NI78: Jaw Marcab 42 16+] 1, 67 48 24] 18 | 67 29 41) 78 114 W 


——————————— a a 


7 a | 94.388 
12 |Sept.15| 7 550 P.M. |44 3N|50 0 W Marcab #640 fA ll 155,00 | ales oi era4uaie OOe OW 


SS eee 


¢ neo } ED 34 1) ; 
13 |Sept.27| 5 70 A.M. | 28 37S {112 0 W Regulus 10 404 n. 1.53 35.50 | 12 | 54 5°56 7) 112 174 Ww 
>* 19 99 
14 | Sept.7| 7310 P.M.| 4218/44 0 W Atitarce 6) dee f.1.44 30 45] 20 | 43 26 45} 43 40 W 
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In the following examples the true apparent time at the place of 
observation is given, and the altitudes for clearing the distance are to be 
computed, the longitude being required ? 


fH True Long by Objects Observed True 5 
No.| Date. | a npar. Time. Lat. “Acct, observed. Distance. | Distance, | Longitude. 
1823. | hm s o 4 o : Re TOY TE LLY TAL Iau cotta 
1 |Sept.19/ 9 16 25 P.M. | 3820N/ 23 E f. 1, a Arietes | 45 58 39 | 45 45 10! 93 204 E 
2 | Sept.27| 5 40 9A.M.| 938N/105 W f. 1. a Arietes 58 34 57 | 58 17 50 | 104 384 W 
3 | Sept.12| 7 17 45 P.M 818S{ 213 W f.1. Fomalhaut | 66 35 15 | 66 16 9} 29 21 W 
4 | Sept.12] 6 17 24 P.M, | 8345N)| 47 W n. |. Spica 64 15 35 64 30 39 | 47 133 W 


To find the Rate of a Chronometer by Lunars. 


At atime favourable for taking lunars let a set of distances with the 
altitudes be carefully taken, and the corresponding times noted by a 
chronometer. ‘Take the mean of the times, altitudes, and distances 
respectively; clear the mean distance from the effects of parallax and 
refraction; and find the Greenwich mean time to which the corrected 
distance corresponds: the difference between which time and the mean 
of the times shown by the chronometer will be the error of the chrono- 
meter for Greenwich mean time, as deduced from that set of lunars. 
Continue for a day or two at convenient opportunities to take similar sets 
of lunars, and find from each set the error of the chronometer for Green- 
wich mean time, and the mean of ali the several errors as determined 
may be taken as the error at the mean of the times when the different 
sets of lunars are observed. 

It will contribute to greater accuracy in the result, if an equal number 
of sets of distances from objects east and west of the moon be obtained. 
But when this cannot be done, take the mean of the errors found from 
objects east, and also the mean from objects west, of the moon; and 
consider half the sum of these two means as the error for Greenwich 
time resulting from all the observations. A few days afterwards, let the 
error for mean Greenwich time be found from a series of independent 
sets of lunar distance in the same manner, and the difference of the two 
mean errors so found divided by the days, &c. between the mean of the 
times of each series, will be the rate of the chronometer. ‘This rate, 
with the last found error, may be used in finding the longitude by the 
chronometer, till another error and rate can be obtained either by the 
same or some other method. 

After having found as above the error of the chronometer on any day 
by aseries of sets of lunar distances, embrace the first favourable oppor- 
tunity to take altitudes for time at the place of observation, noting the 
times by the chronometer. ‘T'o the mean of these times by the chrono- 
meter, apply the previously found error to obtain the Greenwich time ; 
and from the latitude, the altitudes, and the other requisite data, (which 
may be obtained for the Greenwich time from the Nautical Almanac, 
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or the Tables in this book,) find the mean time at the place of observa- 
tion; and the difference between that time and the Greenwich mean 
time, when the altitudes are taken, will be the longitude of the place 
in time. 


EXAMPLE. 


Ifon August 1, 1836, the following results were obtained, required 
the error of the chronometer for Greenwich mean time ? 


Time by By )’s Dist. Greenwich Chron. fast, 
Chron, from Mean Time. By W. By E. 
Distances. Distances. 


hm =“°s hm =°5 m §s 
8 12 10 a Aquilae W S 37 56 25 46 
8 26 14 a Aquile W 8 52 27 26 13 
9°11 30 FomalhautW OFS) 25°35 


21 16 59 © E ol 4s at 25 32 

2 a0 37 © E Zi 56°74 25 27 

13 43 30 mean of times Mean W 25 51 25 29 E 
25 29 


Half sum 25 40 mean error. 


Therefore, on August Ist, at 13h 43m 30s by the chronometer, its error 
is found by these observations to be 25m 39s fast for Greenwich mean 
time. A more accurate determination of the error might of course be 
expected from the mean of a greater number of observations, but the 
example just given is sufficient to explain the practical details of the 
method. 

If in a similar way, on August 15th, at 4h 10m P. M. chronometer 
time, the mean error were found to be 23m 57s fast, then it would 
appear that in about 13d 14h 27m, the chronometer had lost lm 42s, 
whence its rate would be 7° 2s losing. 

Again, if on August 15th, after the error and rate had been deter- 
mined, the following altitudes of the sun’s lower limb had been observed, 
lat. 38° 10’ N, height of the eye 15 feet, required the longitude ? 
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Time by Chron, Alt. © 


Dm eas Fs aes ae oe 6 4 4 
8 17 26 42 12 20 Declin noon,Aug.15,1836 13 59 22N—18’ 54” 
1753 42 7 30 Correction for 7h 54m — 613 
18 72900) 422.015 Red declin 1353 9 
18 59 41 57 50 90 
Mean 818 12 42 4 59 Pol dist 76 651 
ae ae ea; 23 57 3 49 dip. In the same way the equation of time is found 
4h 10m 
eee to be 5m 5s, add to app 
7#04519' 42°) 3 
Loss in 4h 1 57 cor 
Green time 7 54 16 42 0 13 


15 50 
Alt49"16 3 

Lat \938°100'see #104488 

Pdist 76 6 51 cosec*:01288] 
156 32 54 

78 16 27 cos 9°307985 

36 0 24 sin 9°769306 


hsm 3s 9+- 194630 


App Time Table 5* 3 6 27 


Equat time > 20 


Mean time at place 3 11 32 
Do Greenwich 7 54 16 


Long in time W 4 42 44 = 70° 41'W 


To find the longitude by the eclipses of Jupiter's satellites. 


By the immersions and emersions of these satellites are meant the 
instants of their vanishing in or re-appearing from the shadow of the 
planet. 

To the mean Greenwich time given in the Almanac for the expected 
immersion or emersion, apply the longitude by account in time, adding 
it if east, and subtracting ft if west, and the result is the mean time at 
the place of observation when the phenomenon may be looked for. 

Begin to observe a few minutes before that time, and note the 
instant of mean time at which the immersion or emersion actually takes 
place, and the difference between that mean time, and the Greenwich 
time given in the Nautical Almanac, is the longitude of the place in 
time. . 
Thus, if I observe the immersion of Jupiter’s first satellite at LLh 2m 
12s mean time, and I find by the Nautical Almanac that it would take 
place at 9h 40m 15s Greenwich mean time, my longitude in time must 
be lh 21m 57s east. 
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EXAMPLES FoR EXERCISE. 


By the Nautical Almanac, the Greenwich mean time of the eclipses 
of Jupiter’s satellites for a few days in December, 1836, are as under; 
those marked * being such as are visible at Greenwich. 


Ist Satellite. 2d Satellite. 3d Satellite. 4th Satellite. “> 
do hem § ee tee ies da?) bane Ss CE Thy 1s 
1* 10 26°2-1 im 1 4 31 55:2im| 2* 12 35 26-dim| 5 6 12 36°0im 
3 454 21-5im| 4* 17 49 13°8 im} 2* 16 7 41:2em| 5* 10 46 59*5em 
4 23 22 37-6im| 8 7 7 30°9im}; 9* 16 33 18°8im|/22 011 4:2im 
6* 17 50 56*7im}11 20 24 51-3im! 9 20 5 42°6em/22 4 47 54:0em 
8* 12 19 12-6im|15* 9 43 14-*1im/16 20 31 44°9 im 
10 6 47 32+1im eo 2a400 39°7 im 117, 0 .4-18:1 em 


It is required then, from the data thus taken from the Nautical 
Almanac, to find the longitude of the places whence the eclipses were 
observed as under. 


Error of Chron. for 
time and place, 


h m s h Ones Faden ae 
l. Dec. 3d, im, first, 42 2. 5’ De 0.205. 3 slowyen36.56,.45.E 
2. ,, 15th,im, second, 6 28 16:0 1 5 48 fast, 65 11 31W 
3 3, 2d, em,third, 5 40 28°6 0 37 26 slow, 147 26 27W 
4, ,,  5th,em,fourth,11 16 37°5 0 30 38 fast, 015 OW 
5. ;, 18th,im,second,l17 41 20°8 0 25 4 fast, 86 5 43 W 
ee iinetirst. . 15 3 12 2 1 14 slow, 154 13 28E 


Ex. 1836. Satellite. Time by Chron. Ansr. Long. 


It has been generally supposed that these phenomena could not be 
observed at sea, from the difficulty of holding steadily a telescope of 
sufficient magnifying power to observe them; but Lieut. Lecount, R.N., 
assures us that, with a good sea telescope, he has often observed them, 
and deduced his longitude from the observations very satisfactorily. 


To find the longitude from an observed occultation of a fixed star by 
the moon, when the true right ascension and polar distance of the 


star are known. 


By applying the long by acct in time, to the time at the place 
of observation, when the occultation is observed, find the Greenwich time 
by account; and forthat time take with the greatest exactness the sun’s 
right ascension, and the moon’s polar dist, semidiameter, and horizontal 
parallax ; and her right ascension for the preceding and following hour. 
To the lat apply the red from Table 13, and to the parx the reduction from 


Table 12. 
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To the app time add the sun’s right ascension, and the difference 
between the sum and the star’s right ascension is its mer dist. Call 
this mer dist P, the star’s polar dist p, its right ascension R, the re- 
duced colat /, the moon’s pol dist m, her reduced hor parx H, and her 
semid s. 


lwp 
2 


pas 
Then add together sec ee COS 


P 
5} , and cot a) and the sum, 


ie 


: Y 
rejecting 20, will be the tan of are a, of the same affection as Mit 


Add together cosec ee sin ao, and cot a and the sum, re- 
jecting 20, will be the tan of arc b, always acute. When / is greater 
than p, a-+ 6 =arec, and when / is less than p, a— b =arce. 

Add together tan c, cosec /, cosec P, and prop log H, and the sum, 
rejecting tens, is prop log of ared. When arc ¢ is obtuse, p+ d= 
arc e, and when c is acute, p — d = arc e. 

Add together cosec /, cosec P, and prop log H, and with the sum §S, 
and p, take the correction from the subjoined table, and applying it 
with its proper sign to e, call the sum or the remainder e’. The difler- 
ence of m and e’ is arc f. 

To S add sin e’, and the sum, rejecting tens, is the prop log of are. g. 

To the prop logs of s-+-f ands — f add twice the sine of are e, and 
half the sum, rejecting the tens, is the prop log of arc h. 

Then the moon’s right ascension = Rigxth, where g is additive 
west of the meridian, and subtractive east; and h is additive at an 
emersion, and subtractive at an immersion. 

Having found the moon’s right ascension, the Greenwich time is 
found by the method given at page 269, and thence the longitude is 
known. 

When the Greenwich time thus found differs considerably from that 
by account, take m for a minute or two earlier or later, and repeating 
the computations in which m enters, find the corresponding Greenwich 
time again; and then, by proportion, the true Greenwich time, or that 
to which the declination employed and the resulting right ascension 
both correspond, will readily be determined. 
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Table for Correction of e. 


Star's Polar Distance, p. 


S 60° Ga° 70° 75° 80° 85° 90° 
+ + + +: + + + 

" " " ” " " " 

*50 16°5 13°2 10°3 7°) 5:0 2°5 0 
°55 13:0 10°5 8°2 6:0 4:0 2°0 0 
°60 10°3 8°3 6°5 avg 3°2 1°5 0 
*65 8°2 6°6 52 3°8 Bao 12 0 
°70 6°5 on 4°] 3°0 2:0 1°0 0 
°75 Se 4-2 3 hy 2°4 133 °8 0 
*80 4°] 3°2 2°6 12 1°2 °6 0 
a °85 3°2 2°6 2:0 1°5 °9 a) 0 
80) 2°6 2:1 1°6 1°] °8 “4 0 
#90 Zt LF 1s 1°0 *6 3 0 
1°00 1°6 1°3 1:0 wh °4 ie 0 
1°10 1°0 “9 “6 °5 °3 of 0 
1°20 °6 °o “4 °3 "2 ot 0 
1°30 °4 ‘3 °3 °2 “} “0 0 
150 “2 a | “1 “0 0 0 0 
1°80 “0 0 0) *0 °0 0 0 


Ss 120° 115° 110° 105° 100° 95° 90° 
: ; 


Star’s Polar Distance, p. 


IEXXAMPLE. 


On Oct. 15th, 1829, at Bedford, lat about 52°8’ N, long about 
27’ W, Capt. W. Smyth, R.N., observed the emersion of Aldebaran 
from behind the moon, at 10h 1m 46s°61 app time, at which time the 
%’s right ase (R) was 66° 32’ 41-8; polar dist (p) 73° 50’ 294; and 
mer dist (P) 75° 30’ 43’"4; the moon’s pol dist (m) 73° 18’ 44’"1; her 
reduced hor parx (H) 58’ 51/4; her semid (s) 16’ 4”°3; her right 
ascension at 10h 66° 6’ 54/1,and at 11h 66° 43’ 13/°2; and as the 
reduction of latitude is 11’ 8’, the reduced colat (/) is 38° 3’ 8”. 
p 73°50! 294 
beoo 3 8 


Z 
p+ 111 53 37-4, oe = 55°56! 48-7 


J pal 
pol 35 47 21°4, jz = iP us aes 


P 
P 75 30 43:4, — 


2 37 45 21:7 


U 


H 
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7 ! 
P a 55°56’ 487 see  10°251841 cosec 10°081698 
Z 
me 17 53 40-7 cos 9:978465 sih 9°487516 
= 37 45 21°7 cot 10111006 cot 10°111006 


a 65 30 2-9 tan 10°341312 
Ae 23.85 18: 57o aie es tes evece tan . 9*680220 


Ge hese 39°54.4454 tan 9+ 9225 
388 3 8  eosee ° 2102 
sum 


75 30 434 cosee —-° 0140 +7097 S, cor fr tab 3/1 


Z 

BR 
gE 58 51°4 prop log *4855 
d 


41 59°0 prop log *6322 


p 73 50 29°4 
p—d=e 73 8 30-4 
cor tab 3°] 
e 73 8 $395 2sin ,19°9618 sin 9°9809 
m 73 18 44-1 -6906 prop log g, 36! 42” — 
enm=f 10 10°6 
$ 16 4:3 
s+/f 26 14:9 proplog +8361 
s—f 5 53°7 ditto 1°4848 


2)2+ 2827 
1°1413 prop log A 13/ 0” + 
X% RA 66°32! 41/8 


65 55 598 ¢ 
13 0, A+ | 
—— *4771 
0's RAG. 66 8 59°8 diff 2’ 5/*7 prop log 1:9341 


Dittoatl0h.. 66 6 54°1.. 36 19°1 comp do. 9°304 
11 66 43 13°2 : 


Oh 3m 27s‘7 prop log 1°716t 
10 


10 3 27:7 Greenwich time. \. 
10 1 46:6 Bedford ditto. ' 
Long of Bedford, W....1 41:1 = 25/31” W 


INVESTIGATION OF THE TRIGONOMETRICAL FOR- 
MULA WHICH FORM THE PRECEDING RULES FOR 
THE PRACTICAL SOLUTION OF THE MOST USEFUL 
PROBLEMS IN NAUTICAL ASTRONOMY, 


Method of finding the latitude from two altitudes of the sun, and the 
time elapsed between the observations. (See p. 235.) 

Ler Z or Z’ be the zenith, I DC H the horizon, P the pole, A and B 

the places of the sun at the two times of observation, A D and B C the 

true altitudes, A Z, B Z, or A Z’, B Z' the zenith distances, A P and 


a ee 


eons 
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B P the polar distances, which, in the practice of this problem, may 
be considered as equal. Join A B, and bisect it by the perpendicular 
PF; andto PF, or P F produced, let the perpendicular Z E or Z’ HE’ 
be drawn, and join Z For Z’ F. Then A PB will be the elapsed 
interval of time between the 
observations, A P F half the 
elapsed time, Z P the co-lati- 
tude, Z P A the sun’s meri- 
dian distance when the greater, 
and Z P B his meridian dis- 
tance when the less altitude is 
observed, and Z P FE his me- 
ridian distance at the middle 
time between the observations. And PF A being a right angle, 
ZF Por Z F E will be the complement of Z F A or Z F B. 

In the right-angled triangle P F A we have by Napier, sin A P. sin 
A PF=rad, sin A F, whence oun a aN ae sin A F,(arc 1;) 
and as A P F is always an acute angle, A F will also be acute. 

In the same triangle we have rad . cos AP= cos A F.cos PF, 
rad. cosA P_ cos AP . sec AF 

cosaAF — rad 
as A F is always acute, P F will be of the same affection as A P. 

In the triangle Z F A we have (Prop. 18, p. 93) cos Z F A or sin 
AN et rm oie ie RS cali lala Bee ; orcosA Z=cos AF . cos 

snAF .sin FZ . 

FZ+sinAF.sinFZ.sinZ FE; andin the triangle B F Z we 


; cos Z B—cos FB.cos FZ 
have cos Z F B, or — cosaZFA = inFB oo = 


whence 


=cos PF, (arc 2;) and 


eae ED or cos ZB = cos AF. cos FZ — 
snAF.sinFZ.cosZFA=cosA F.cosFZ —sin AF. sin 
FZ.snZF E. 

We have then these two equations, viz. 

cosAZ=cosAF.cosFZ+sin AF. sinEZ.sinZ FE and 

cosBZ=cosAF.cosFZ—sinAF. sin FZ. sinZF E. 

And, by taking their swm and difference, we have 

eos AZ+ cos BZ = 2cosAF.cos FZ and 
css AZ—cosBZ=2sinAF.sinFZ. sinZ FE. 

But in the right-angled triangle Z F E, cos Z F = cos Z E . cos 
E F, and sinZE=sinZF. sin ZF E. | Hence, by substitution, 
the two preceding equations become 

cosseAZ+t+cosBZ=2cosAF.cosZE. cosE F and 
cosAZ—-cosBZ=2sinAF. sinZ Ek. 
U2 
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Or snAD—+sinBC=2cos AF. cosZ E. cos E F and 
sin A D —:sin BC = 2:sin: AF... sin Z E. 


From the latter of these equations we have 
sin A D — sin BC 

in ZE = -—— — 

aa % sin A F 
sin AD + sin BC. 


2cosA F .cosZE 


and from the first, cos E F = 
But (Formula 3, p. 72) 


— A BC 
sin A D — sin i eae ari k ee ox cos st and 
D+ BC Ul apis 
sina Di EO eet 3 Nis am ; Listes 


2 


These expressions substituted in the two preceding equations give 
2 si AD—BC AD+BC 
vee sin 5 . COS 5 Dee 
Nepean ae a eae 
eae 2sin AF 
ue 
ci — cosec AF’; and 
Be ey ee AD—BC 
2 sin 5 1608 starting tin ADLBC 


ee ae 2cos A F.cosZ iE <a 
A D,— BC 


COS 


Sn a 


Cos sec AF .sec Z EH, radius being unity; or, restoring 


the radius, 
AD-—BC AD+ BC 
—— . cos ——_—— 


sin — 5 + cosec AF 
— = sin Z E, (are 3,) and 
rad 
4D — 
ete gree raat BU cae Nera 
Ms BR i ETS sea ah th ve — = cos EF, (arc 4.) 
rad ° 


Here F Z and Z E are always acute, therefore H F is also always 
acute. 

Now when Z and P are on the same side of BAG, the great circle 
passing through the places of the sun at the time of observation, P F 
—FE = PE, otherwise PF 4+ FE,or PF + FE’= PE, or gene- 
rally PF = F-E= PH, (arc 5.) 

In the right-angled triangle Z PE, rad. cos PZ, or rad. sin Jat. = 
cos EZ .cos EP 


rad 


= sin fat} 


cos EK P. cos EZ, hence 
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Investigation of the method of finding the latitude from an altitude 
observed near the meridian, page 239. 


Let 7 = lat, l/= colat, d = declin, p= pol dist, m = mer dist, 2 
mer zenith dist, and z’ = the required reduction. 


cos z + 2’ —cos/’. cos p 
a WED, 


Then cosm = 


m tl’ . sin p 


aire NY cos l’ wm p — cos z z! 
whence 2 sin? = pat tot eae af : 
2 ml’ . sin p 


But l’~ p = z, therefore 
ag COS 2 — cos 2 4-2" sin 2 .. sin. 2/ 
2s° — = nearly. 
a sin /’. sin p sin J’ . sin p 


Hence sin z’= 2 sin /’. sin p . cosec z. sin’ >: or 2’ in seconds of 


. 9m 2. 
space = cos /. cos d. cosec z. sin® 2° nearly, and log ——— is 
si 


n 1” 


sin 1” 
the constant log given in the rule. 


Method of computing the amplitude and azimuth. (See pp. 242, 243.) 


In the last figure let ZC represent the prime vertical, and D the 
‘place of a celestial object in the horizon, then the angle D ZC, mea- 
sured by DC, will be the amplitude of the object at D. 

Let P be the north pole, and A the place of an object above the 
horizon, then AZP will be the azimuth from the north, A ZI the 
azimuth from the south, APZ the hour angle, or the meridian dis- 
tance of the object, A D its altitude, AZ its zenith distance, A P its 
polar distance, and Z P the co-latitude. 

Put AD =a,AZ =a’, PZ =/,and the latitude = /, and A P= p. 
Then to investigate the rule for the amplitude, we have, by Prop. 18, 

/ ih 
page 93, cos AZ P= BL which is equal to —— 
when a’ equal 90°, or the object is in the horizon, as at D, radius 
ad . cos p 


; bd : hy 
being unity; or cos DZP (=sin DZC)=—_ = 


cosp.sec/_ sindec . sec lat ; . ; 
bs 1) dite ieee ——, the rule given in p. 242 for com- 


rad i rad 
puting the amplitude. And as / is always acute, DZ P will be of the 
same affection with p, or the amplitude DZC will be of. the saine 


name with the declination. 


: AZP 
For the azimuth we have (Prop. 19, Spheri¢s) cos? ~ 5.3.0 
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rad? fe ee sina’ +U =P 
i 2 2 ; op 
sin? Pe 


sin a’. sin I’ 


Qe — 90 —/ ad 002 
rad”. sin (eee nth) . sin co ro iy 5 mt 


cos a. cos / 


sin (90° oe ela) . sin (s0" ~ ans . seca. secl 


rad? ax 
S ee r). cos (“7 isa 5). seca. sec / 
rad? 
Whence sin = é 1s 
1 (ak ay p) meee: £) . seca. sec / 
A iia Ra iS 


Method of computing the hour angle, or the meridian distance of a 
celestial object. (See p. 248.) 


Adopting the above notation, we have (Prop. 19, Spherics) 


’ Lag? t (a ess 
APZ rad? . sin € + p=) . sin — 


in® ——— e 
° Dea sin p . sin /’ HP 
— — 90 0 — aged Phot 
rad”. sin (* Z ope) . sin — "y ;——) 


— 


sin p . cos / 


sin Pbk : ia *) . sin (90° = ott) . sec 7 . cosec p 


rad? | my 
sn APZ 
or == 
2 
"A L Va 
ViGse Aah ai a). cos Os ay . sec J. cosee p 


, ; and 
rad? ? 


Table 5* contains the log of sin? AP A 


-, or 2 log sin 


The direct solution of the preceding problems by spherics is very 
simple. To find the latitude by double altitudes, we have given first 
in the isosceles spherical triangle B P A, the two equal polar distances 
PB, PA, and the included angle B P A, the elapsed time, to find AB 
and the angle PA B. ‘Then in the triangle Z A B are given the two 
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zenith distances B Z, A Z, and the side A B, to find the angle Z A B, 
the difference between which and PAB is Z AP, or the supplement of 
PAB+Z’AB is Z’AP; hence ZAP or ZAP is known. We 
have then Z A and AP, or Z’ A and A P, and the included angle in 
either case, to compute Z P or Z’ P, the co-latitude. 

For the azimuth and hour angle, in the triangle A Z P, all the sides 
are given to compute A P Z, the hour angle, and A Z P, the azimuth, 
from H, the supplement of which is AZ I, the azimuth from I. 


Method of computing the equation of equal altitudes. (See p. 252.) 


Let P represent the pole, Z the zenith, A the place of the sun in the 
morning, D his place in the afternoon of the same 
day, when his zenith distance D Z is equal to A Z. 

Then if the polar distances D P and A P are equal, 
the angles AP Z and D PZ will be equal, and conse- 
quently half of A P D, their sum, as measured by a 
chronometer, added to the time shown by the same 
chronometer when the sun is at A, will be the time by 
the chronometer at apparent noon, or when the sun js 
on the meridian. But if the polar distances A P and | 
D P are unequal, the angles APZ and DPZ will also be unequal, 
one of them exceeding half their sum as much as the other is less, 
D PZ being greater or less than A PZ, according as D P is less or 
greater than A P, and half the difference of these two angles is the 

equation of equal altitudes. — 

Now to compute this equation, let B P= D P, and BZ= DZ or 
AZ; let AB be part of a parallel of altitude, and BC part of a 
parallel of declination, and FG the arc of the equator included between 
PAand PB. Then AC will be the change of the polar distance in 
the interval measured by A PD; and half FG, or half the angle 
A PB, will be the required equation. But FG=CB. cosec PB; 
and as PBC and ZB A are right angles, if the common angle Z BC 
be taken from each, the remaining angles PBZ and ABC will be 
equal ; and the sides of the triangle A BC being necessarily small, it 
may be considered as a rectilinear one, right-angled at C. 

Hence C B, which is equal to AC. cot ABC, is equal AC. cot 


D 


PB Z, and therefore hee: pete hoa eneay or if AC be seconds of 
sin BP . 
FG. TCDA Ge. cot ZB P 
are, — in seconds of time is Ts an rE Now if d be put for 


the change of declination from the preceding to the following noon, 


FG 
and T for the time elapsed between the observations, we have—>—- 
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d.T.cot ZBP 

1440.sinBP* 

By proceeding asin Prop. 21, Spherics, we have cos Z BP. sin 
ZB+cosZPB.sinZP.cos B P= cos Z P.sin BP; and as sin 


in seconds of time = 


sinZ P.sinZ PB sin 
= ————_ dcot = — stituting i 
ZB amZBP 3 cot air by substituting and reducing 
cot Z P.sin B P—cos Z PB.cos BP 
thi ion wives I ee a te 
is expression gives cot Z B P cnZPB ; 


Hite wee _ d.T. tan lat d.T. tan dec 
2 ~1440.sinZPB 1440. tan ZPB 


, and in Tab. 18 
T T 
4 ! eg aN ee, oO j ] ee een ea he 
tog AS log Troan BP Bint 8 Bl 0 ay ee 
le) 


iT 1 
he eo, o = npecetunertt h : wie 
T" . cosect —, and log B = log jid0 LT” .cot 


| 1 
loc A= NY 
OB A = log aay 9 


Method of computing the altitude of a celestial object. (See p. 254.) 


Let / =the colat, p = the pol dist, a==the zen dist, a = the alt, 


and A the object’s mer dist. 


cos @ — cos /. cos p 
a —— ; whence cos @ = 


Then by spherics cos A = 


sin 2. sin p 


cos/.cosp +sind.sinp—sin/.sinp. 2 sin? S, for cos A=1— 


Apis 8 A 
2 sin*® ow Hence cos a=cos /~ p—sini. sinp.2sin*’>. Or cos* 


l~ p 
2 


a ; ‘ pers a tL p 
erat —sin /. sin p. sin’. Or cos * == 00g, 5 i 


: ; l Pe 
sin /. sin p. sect ® — . sin® >| = cos? <2 . cos? M; if sin? M 


l . 90° ; 
So . sin? ae Hence cos = = sin ae } 


= sin 7. sin p . sect* 


l 
<= cos — cos M. 


To find under what circumstances, in a given latitude, a small mistake 
in observing or correcting the altitude of a celestial object will pro- 
duce the smallest error in the time computed from i. 


Let Z be the zenith, P the pole, r the supposed place, and m the 
true place of the object. Tet ms be a parallel of altitude, join the 
points m and 7, and let pq be the arc of the 
equator contained between the meridians 
Pm and Pr. P 

Then as Pm and Pr are equal, mr may 
be considered as a small portion of a parallel p 
of declination, 7s will be the error in alti- 
tude, and pq the measure of the required 


Z 
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error in time. And as the sides of the triangle msr will necessarily be 
small, that triangle may be considered as a rectilineal one right angled 
ats; and because the angle Prm is also a right angle, the angles 
smrand Pr Z, being each the complement of mr s, are equal to each 
other. 
Now we haversimr:isinsmr (ZrP) : rad 
and mr:pqi:icos qr: rad. 
“Hence rs: pqi:cos qr. sin Zr P 3 rad) or pqers . 
2 
ee but sin r P, or cos gr: sinr ZP:: sin ZP 
cosqr.sinZrP 
(cos lat): sin Zr P. Whence cosgr.sin ZrP=coslat. sinr ZP, 
rad * 

Therefore when the latitude and error in altitude are given, the cor- 
responding error in time will be the least when the sine of 7 Z P, the 
azimuth, is the greatest; that is, when the azimuth is 90°, or when the 
object is on the prime vertical. Hence an error in observing or correct- 
ing an altitude for the time will be of the least consequence in the 
result when the object observed is on the prime vertical. 


and consequently by substitution we have pg=rs. 


Methods of clearing the distance of the moon from the sun or a star, 
from the effects of parallax and refraction. (See p. 263.) 


Meruop I. 


Let m be the apparent, and M the true place of the moon, s the 
apparent, and S the true place of the sun; then mA,sB _ will be the 
apparent altitudes, mZ,sZ the appa- Z, 
rent zenith distances, M A, SB the true 
- altitudes, and M Z, S Z, the true zenith 
distances; mM will be the correction 
of the moon’s altitude, s S that of the sun’s, 
ms the apparent distance, and MS the 
true distance. 

Put d=ms, D=MS, h=maA, 
h’=Bs, H= MA, H’=BS. Then 
(Prop. 18, Spherics,) cos m Zs = cos 
cosms —cosmZ.cossZ _ cosMS —cosMZ. cosS Z 


MZS'= 


snmZ.sinsZ snMZ.sinSZ 
cos d—sinh.sinh’ cosD—sinH. sin H’ 
Oe Oe SL 
cos h . cos h!. cos H. cos H’ 
cos d — sink. sin h’ cos D — sin H_ . sin H’ 


3 


el “s ie cht, reise ee aT 
Hence l + cosh . cos h’ cos H , cos H’ 


NAUTICAL ASTRONOMY, 


cosd +cosh. cosh’ — sinh’. sinh’ 
or — 
cos A. cos h’ 
cos, D + cos H . cos H’ — sin H , sin H’ 
> 
cos H . cos H’ 


cosd+cosh+h' _cosD+ cos H + H’ 
CC ———— ee eee ee eee 


cosh . cos h/ cos H . cos H’ 
Whence, 
eee eee JACOBY EL 5/009 MERE pet aera 
cos D=(cosd+cosh+h’). doa hc conan rh + H’. 
, 
Put — eeu = 2 cos N. 
cos & . cos h’ 


Then cos D = (cos d + cosh + h').2cosN —cosH + H/= 
2cosd.cosN + 2cosN. cosh + h' —cosH 4 H’. ; 

But (Form. 2, p. 71) 2 cos d . cos N = cosd + N + cosd #N,- 
and 2cosN . cosh + hi'= cos (N + h +h’) + cos (N » h + hi’). 

Therefore cos D = cosd + N + cosdu- N + eos (N + h+i) ok 
cos(Nvh+h') —cosH + A’; or 1 — cos. Dice 1+ cosH +H’- 
cood+ N-—cosdwN —cos(N+h+h) — cos (N wh+ WH), 
or vers D = suvers H + H’ ~ (1 — vers d+ N) — (1 — vers 
d #N)—(L—vers(N4+44+H))—(1 — vers (N a 
vers D = suvers H + H’ Vers” versd-+N-+versd » N + vers 
(N +h +h’) + vers (N 4h + A+ h’) —~ 4; the formula which, in 


words, is the first method given for clearing the distance. 


Table 25 gives N, and Table 28 gives the versed and suversed sine 
of any arc, the first figure being omitted as unnecessary in the solu- 
tion of this problem; for as d and D cannot, in any case, differ much 
more than a degree, vers D will always be found, either in the same 
column with vers d, or in one of the adjoiing columns, and therefore 
the leading figure in the versed sine can never be required to determine 
the arc to which vers D corresponds. 


Mernop Il. 

Resuming the equation, 
cosd —sinhk.sinh’ ‘eos D— sin H. sin H’ h 
ee - we have 

cos A . cos h’ cos H . co cos Hl 

1 cos d@ — sink. sin h’ cos D — sinH . sin H’ 

= =] OF ____ 7, or 
cos / . cos h’ cos H , cos H’ \ 
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cosh . cosh’ + sink. sinh’ — cosd _ 
: cos h . cos h’ 
cos H . cos H’ + sin H . sin H’ — cos D 

cos H . cos H’ ; 


cee 


or 


cosh wh’ — cosd _ cosH »# H’ — cos D 
cos 2. cos h’ cos H . cos H’ 


cos H .cos H’ 


Whence cos D = cosH » H’ — (coshw h’ — cos d). soe ti ole det 


cos H_ . cos H’ 
~—-— = 2 cos N. 
cosh. sinh 


As before, put 


Then cos D = cos Hw H’/ —2cosN.coshwph' +2cosN . cosd, 
or cos D = cos H + H! — cos (h wh’ +N) —cos(h wh’ # N) + 
cos N +-d-+-cosN wd, or 1 — cos D = 1 = cos H w H’ + cos 
(heli +N) + cos(hu h' es N) — cosN +d = cos N wd, or 
1cos D=1~—cos H » H’ 41+ cos (hv h' +N) +1+ cos 
(hohe N)+1—-cosN +d+1 = cosNuvd —4, or vers D=& 
vers H » H’ + suvers (h  h’ + N) + suvers (h 0h’ WN) + vers 
N-+d + vers N od —4. 

This formula, in words, gives the second practical method of clearing 
the distance. 

Remark. The method of computing M S directly by spherical tri- 
sonometry is obvious; for in the triangle ms Z, all the sides are 
given, viz. ms, the apparent distance, and mZ, s Z, the apparent 
zenith distances, to compute the angle m Zs; and in the triangle 
M ZS there are given M Z and S Z, the true zenith distances, and the 
included angle M ZS, before found from the triangle m Zs, to find 
MS the true distance. 

The computation may be readily made by the following rule deduced 


. A a 2: ie, 
from the expressions for cos” we and sin 3 Propositions XIX and 


XXII, spherics. 

Call half the sum of the true zenith distances are I, and from half 
the sum of the apparent zenith distances, and the apparent distance, 
subtract the apparent distance. 

Then add together the cosects of the apparent zenith distances, and 
the sines of the half sum, the remainder, and the true zenith distances ; 
reject 40 from the sum, and half the remainder will be the sine of 
are II. 

Add together the snes of the sum and the difference of arcs I and 
II, and half the sum will be the sine of the true distance. 

Take for exercise the examples at p. 269. 
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Investigation of the method of computing the moon's right ascension 
from an occultation of a fixed star. (Page 287.) 


In the annexed figure let A be the first point of Aries, Z the reduced 
place of the zenith, ) the apparent, and )/the 
true place of the moon’s centre, S the observed, 
and S’ the true place of the point of occultation, 
and from S’ draw perpson PS and P )/ oron 
those ares produced. Then Z PS is the star’s 
mer dist, PS its pol dist, and APS its right 
ascension. Py’ is the moon’s pol dist, S)’ 
her semid, and y’ P A her right ascension. - 8’ PS is are g in the rule, 
and 8’/P )/is are h, S Dis are d, )’C is are f, ZS P is arcce, Z P is I, 
PS is p, 9’ Pis m,)’S iss, and SS’ is the moon’s par in alt. 

Now the formule for computing arcs @ and 6 are Napier’s ana- 

S’D 


logies, investigated at Prop. 21, Spherics, and 8’PS = nseip 


S'S.sinZSP_ H .s sn ZS. sinZ SP _ H.snZP.snZPS 


PEA Pr ~ sin S’P a JP 
H 


SS Hence S/D = 
cosec Z P . cosec Z PS . sin 8S’ P ene. el 


H S’D 
cosee ZP . cosee ZPS’ and Bid) "tan SS Dae 


H 
tan S’SD. cosecZ P. cosecZ PS 


On 


Lastly VP) = aft rp 
sin 


/ sad so fisof On these formule it is only necessary to remark that 
sin? S$’ P 

the sines, &c., in the denominators, are to be added to the proportional 
logs of the numerators. 


IfP D = a,DS/= b, and PS! = a + 4, 2 being in all cases a small 


quantity; then cos @ . cos b = cos @-++ # = cosa — sind, sina nearly. 
" 
Whence 2 in seconds is nearly = 6”. cot a. 


, the expression from 


which the table for the correction of e is computed. 
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USEFUL MISCELLANEOUS NAUTICAL PROBLEMS 
SOLVED BY THE DIRECT APPLICATION OF SPHE- 
RICAL 'TRIGONOMETRY. 


In the annexed figure let A represent the first point of Aries, A D the 
first quadrant of the ecliptic, E its north pole, A C the first quadrant 
of the equator, and P its north pole; let 
S be the place of the sun in the ecliptic, 
SH a perpendicular from S on AC, and 
M, I, and G the places of any other celes- 
tial objects. Let EM F, PMB be great 
circles drawn to the ecliptic and equator 
from the poles E and P, making of course 
the angles at B and F right angles; and 
let great circles be drawn, as in the figure 
from Land G, toE and P. Then DAC, 
measured by DC, or its equal EP, is the obliquity of the ecliptic ; 
AS is the sun’s longitude, A H his right ascension, and S H his north 
declination; AF the longitude, M F the latitude, M E the co-latitude, 
A B the right ascension, B M the declination, and M P the polar dis- 
tance of M; M EI is the difference of longitude, and M PI the dif- 
ference of right ascension of M and1; M E Gis the difference of lon- 
situde, and MPG the difference of right ascension of M and G; 
GET is the difference of longitude, and G P I the difference of right 
ascension of G and [. 

The first quadrants only of the ecliptic and equator are drawn in the 
figure; but these circles may be conceived to be produced round the 
globe, forming two great circles, of which the poles are E and P. 
The longitudes and right ascensions of celestial objects are reckoned 
from A, in the direction AD, AC, quite round to A again; the 
latitude is north when the object and E are on the same side of the 
ecliptic, and south when they are on different sides; the declination is 
north when the object and P are on the same side of the equator, and 
south when they are on different sides. 

The figure appropriate to any given problem will be readily con- 
ceived by referring the data to acelestial globe. 


ProspieM I. 


Given the obliquity of the ecliptic, and the sun’s longitude, to find his 
right ascension and declination. 


Here in the spherical triangle AS H, right angled at H, are given 
A'S, and the angle S A H, to find AH and SH. 
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If the longitude exceed six signs, or 180°, there will be formed on the 
other side of AC a right-angled spherical triangle, whose base on the 
equator is the sun’s right ascension from -., the hypothenuse, on the 
ecliptic, the sun’s distance from -«., or the excess of his longitude 
above 180°, the included angle being the obliquity of the ecliptic, and 
the perpendicular from the sun’s place on the equator, the south decli- 
nation, If 180° be added to the right ascension, computed from 
the sum will be the right ascension from . 


EXAMPLES FOR EXERCISE. 


The obliquity of the ecliptic being 23° 27' 50”, it is required to 
compute the sun’s right ascension and declination in each of the 
following examples ? 


No. | @©’s Longitude. Ck ae Oe an ©’s Declination. 
s a I" ° / " h m " OP) ue Nv 
] 1.230: 8); 30 18 14) 2.1 39:9 12 21 14 N 
2 3.4492 84)..98: 30; $07 6:34. 3°29 | Oaeta gee 
3 4 7 24 361129 49 14) ‘8°39 769 18 26 14 N 
4 7 11631}; 209 7 344} 13 56 30°3 11 55 47 S 
5 8 4 28 58 | 242 30 31)1610 2:1 21 33358 
6 | 10 10 53 11 | 313 20 44 | 20 53 23°0 17 SL Sts 
7 | 11 20 8 44) 350 56 47 | 23 23 47:1 3 54 27 S 


Prosiem II. 


From the obliquity of the ecliptic, and the latitude and longitude of 
any celestial object, to find its right ascension and declination.. 


Let M (see the last figure) be the object ; then in the right-angled 
spherical triangle AF M are given A F the longitude, and M F the 
latitude, to find AM the distance of the object from , and the 
angle MAF. The sum or difference of MAF and FA BisMAB; 
and in the right-angled triangle M A B there are then given AM and 
M AB, to find A B the right ascension, and B M the declination. | 

Or, in the triangle M E P are given EP, the obliquity of the 
ecliptic, EM the co-latitude, and MEP the co-longitude of M, to 
find M P the polar distance, and E P M the supplement of M PC, the 
co-right ascension. 


EXAMPLES FoR EXEROISE. 


The obliquity of the ecliptic being 23° 27’ 50”, it is required to” 
compute the right ascensions and declinations of the objects whose 
latitudes and longitudes are given in the following examples ? 
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No. Longitude, Latitude. D es a é Bs oue Declination. 
so i] wt Ones 3 it 1e) Perth h m s ° Pope 
1 2 18 18 31 3 21 32 N 76 57 33 Shs OU: Bye 26 hoo) ING 
2 110 3 38 28 0 32 36 N | 305 4985 20°23 A777) 1849 51S 
3 41114 4 114 14 S | 1383 20 32 Sparen) 16 14° 20N 
4 7 22 17 30 449 0S | 228 32 2 15 14 8:1) 23 0438 
5 121 16.9}; 45057 N| 47 27 32 3 9 50°1 | 22 4615 N 
6 8 9 25 14 5 28 14 § | 246 48 46 IG 2H 198) | 27 17 28'S 
7 6 21 15 20 | 30 13 28 N |} 211 12 15 14 4 49:0 | 19 41 47 N 


Note. By the two preceding problems the right ascensions and 
declinations of the sun and moon, in the Nautical Almanac, are com- 


puted. 
Prosiem III. 


From the longitude of the sun, and the latitude and longitude of 
any other celestial object, to find the distance of that object from 
the sun. 

Let S (see the last figure) be the sun, and M the other object; then 
in the spherical triangle SFM, right angled at F, are given MF, the 
latitude of the object, and S F, the difference of longitude of the object 
and the sun, to compute 8 M, the required distance. 


EXAMPLES FOR EXERCISE. 


It is required to compute the true distance between the sun and the 
moon, or a star, in each of the following examples? , 


; " yor *’s > or %’s ; 
e No. | ©s Longitude. Laottinae: Fates Distance, 
id he aaa aay: ope ee ei OTS Ia 

Ei il. 6 37 49 9 5 32 48 455 0 S 63 11 26 
2 | 10 19 59 40 1 14 40 4) 4 33 48 N 84 42 2 
3 ie 10 52 9.23 36 1 3 Gl 10S 100 19 26 
4 2 18 43 17 61417 0 257'46 S 115 31 31 
5 41142 2 6 24 20 24 3 59 56 S 


72 40 59 


Note. By this problem the distances of the sun and moon, in the 
Nautical Almanac, are computed. 


Propiem IV. 


From the latitudes and longitudes of any two celestial objects to find 
their distance, 


Let M end I (see the last figure) be the two objects, then in the 
spherical triangle |M I E are given the two sides ME, I EK, the 
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co-latitudes of the given objects, and the included angle M EI, the 
difference of their longitudes, to find I M, their distance. 

Note. The co-latitudes of the objects are estimated from the same 
pole of the ecliptic. ; 


EXAMPLES FoR EXERCISE. 
In each of the following examples, A and B are two stars, from 
whose latitudes and longitudes it is required to compute their 
distance ? 


B , 

No. Distance. 

Longitude. Latitude. Longitude. Latitude, 

Swen by eed 4.0 SON yi Poa ee ee] 
1 3 2 4 40] 38 40 26 N]| 9 11 41 26 | 13 26 11 Nj 127 7 11 
2 | 11 14 28 26.| 26 14 37,S | 1. 3.45.30 |.30 28 45 § 43 14 18 
3 4 23 18 46.)°12 29 40° NN’) 6 1°20°13 7 23 37 eros 52 48 24 
4 61446 0/1014 0 Nj}8 2015 0; 18 20 0 S| 70 37 30 


Note. By this or the following problem the distances of the moon 
from the fixed stars and planets, in the Nautical Almanac, are computed. 


PrRoBLEM V. 


From the right ascensions and declinations of any two celestial objects, 
to find their distance. 


Let M and I, as in the last problem, represent the two objects; then in 
the spherical triangle M P I are given M Pand P I, the polar distances 
of the objects, and M PI, the difference of their right ascensions, to find 
MI, their distance. 

EXAMPLES FOR EXERCISE. 

In each of the following examples, A and B are two stars, from 
whose right ascensions and declinations their distance is to be com- 
puted? 


No. |---| | Distance. 
Right Right 
Ascension. Ascension. 


Declination. Declination. 


ds 


CUB uett ORT Sf oO tA pee (he dO aa On Gi) 


146 14 28 16 28 48 70 36 40 14 40 26N |} 80 53 8 
182 4 40 14 26 208 133 8 26 16 30° NAP 187 22 ag 
30 50 14 28 14 35 N 98 22) 7 36 2 8N | 56 35 20 
120 18 4 430 16N] 209 7 4 7 12 248 80 30 9 
30 40 26 18 40 20 N} 359 11 29 23 17 36N | 29 41 47 


os 


OF WN eH 


Prosiem VI. 
The distance of an unknown star, or comet, from two known stars 
being given, to fend its right ascension and declination. 
Let G (see the last figure) be the unknown star or comet, and M, I, 
the two known stars whose distances MG,IG, from G are given; 
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then from MP,PI, and MPI, the distance MI of the two known 
Stars may be found, as in the last problem, and in the same triangle 
the angle PMI may be found. In the triangle IM Gall the sides 
are given to find the angle GMT, the sum or difference of which and 
PMlisPMG. Then PM, MG, and the contained angle PMG 
are given to compute P G the polar distance, and MPG the difference 
between the right ascensions of Gand M ; whence, as the right ascen- 
sion of M is known, that of G is also known. 

Note. The observed distances should be cleared from the effects of 
refraction, which may easily be done by Spherics, according to the 
methods pointed out in the “ Remark” at p. 299. 


EXAMPLES FOR E:XERCISE. 


1. If on November 14, 1836, the distance of a comet from Marcab 
be 42° 14’, and from Altair 36° 35’, northward from the stars, required 
its ri7ht ascension and declination ? 

Answer, right ascension 308° 13’ 49”, declination 43° 20’ 53” N. | 

2. If on February 5, 1850, the distance of a star from Rigel be 
36° 58’ 20”, and from Procyon 34° 15’ 20”, southward from the stars, 
required its right ascension and declination ? 

Answer, right ascension 109° 47’ 18”, declination 28° 31’ 18’’S. 

3. If on March 14, 1840, the distance of an unknown star from 
Spica be 26° 50’ 50”, and from Antares 32° 18’ 40”, southward from 
the stars, required its right ascension and declination ? 

Answer, right ascension 208° 42! 56”, declination 35° 44’ 27” S, 


Let the annexed figure represent the celestial sphere, AZ BN A 
being the meridian of an_ ob- 
server whose zenith is Z, and 
nadir N. Let P be the north, 
and S the south pole, and let 
A Z, BZ, P C,and P D be quad- 
rants. ‘Then the eye in view- 
ing the figure being conceived 


to be vertically over E, the point 
on the surface which is the ap- 
parent centre of AZ BNA, all 
great circles, as A B, C D, PS, 
ZN, drawn through E will ap- 
pear in the tigure as straight 
lines; AB will represent the 
rational horizon, C D the equator, Z N the prime vertical, and P'S the 
six o’clock hour circle, or the hour circle at right angles to the meri- 
dian. The great circles drawn through Z will be perpendicular to 
x 
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AB, and those drawn through P will be perpendicular toC D. CZ 
- PB=ND= AS, is the latitude, andZ P= BD=SN =AC, 
the co-latitude of the observer, whose zenith is Z; the arcs measuring 
their corresponding angles at the apparent centre E, or the spherical 
angles on the surface of the sphere at EK. EF K is the altitude of an 
object at F, F Z its zenith distance, F H its north declination, F P its 
polar distance, F P Z its meridian distance, F Z P its azimuth from 
the north, and FZC its azimuth from the south. GK is the alti- 
tude of an object at G, GZ its zenith distance, GI its south declina- 
tion, GP its polar distance, GP Z its meridian distance, GZ P its 
azimuth from the north, and G ZC its azimuth from the south. 
F P G is the difference of the meridian distances or of the right ascen- 
sions of FandG; CQ, the measure of Z PO, is the semidiurnal arc 
of an object which rises or sets at O; and EQ, the complement of 
CQ, is the ascensional difference of O, or the measure of the time 
between its rising or setting and passing the six o’clock hour circle ; 
E O is the amplitude of O, and EL the amplitude of L; TU, a small 
circle parallel to A B, and 18° below it, is the twilight circle, or that on 
which the sun is at the beginning and end of twilight. 


Prosiem VII. 


Given the declination of a celestial object, to find its altitude and 
bearing when on the six o'clock hour circle in a given latitude. 


In this problem the latitude and declination must be of the same de- 
nomination, otherwise the object will pass the six o'clock hour circle 
before it rises. 

In the triangle E W O (see the last figure) right-angled at O, are 
given E, W the declination, and W EO the latitude, to find WO the 
altitude, and EO the bearing from the prime vertical, southward or 
northward, according as the latitude is south or north. 


EXAMPLES FoR EXERCISE. 


In each of the following examples it is required to compute the alti- 
tude of the object, and its bearing from the east or west, when on the 
six «Yelock hour circle. 


No. | Latitude, | Declination. | Altitude. | Bearing from 


E or W. 

oO ¢ 
Meso] Nw do 5 40 6 44N 
2159 16N | 2314N | 1949 | 12 22N 
3130288 | 4 58 2 4 3318 
4|1429N | 1638N 4.'64,.1.16.:8 N 
5117 28N | 12 40N 346 |12 6N 
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Prosiem VITI. 


Given the declination of a celestial object, to find its altitude and meri- 
dian distance, when on the prime vertical, in a given latitude. 


In this problem also the latitude and declination must be of the 
same name. Let X (see the last figure) be the object on the prime 
vertical Z E, then in the triangle EM X, right-angled at M, are given 
M X the declination, and M E X the latitude, to find X E the altitude, 
and M E the complement of M C the meridian distance, whence MC 
is determined. Or in the triangle X P Z, right-angled at Z, are given 
X P the object’s polar distance, and Z P the co-latitude, to find Z PX 
the meridian distance, and ZX the zenith distance, whence the 
altitude E X is known. 


EXAMPLES FOR EXERCISE. 


In each of the following examples the altitude of the object when on 
the prime vertical, and its meridian distance at the time, are required ? 


No, Latitude. Declination. | Altitude. Meridian Distance 


in Time, 
o | Oo 4 OFLs phy Men Pf 
1 | 48 26N 20 5N 27 19 4 44 20 
2 av 3.8 12 288 16 21 5 OT7, Get 
3 | 30 29N 9 41 N 19°22 4, 52 oo 
a | 50 18. N) 20 5 N Za 25 Sars ae os 4 
5 | 27 428 18 48 41 51 32. 2611720 


ProspLtemM IX. 


To find the semidiurnal arc, or the time between a known. celestial 
object’s rising or setting, and its passing the meridian, neglecting the 
effects of dip, refraction, and parallaz. 


Let O (see the last figure) be the object at rising or setting ; then 
in the quadrantal triangle O PZ, are given O Z a quadrant, Z P the: 
co-latitude, and OP the object’s polar distance, to find Z P O, the 
angle whose measure is the semidiurnal arc. Or in the triangle EQ O 
right-angled at Q, are given Q EO the co-latitude, and QO the decli- 
nation, to find EQ, the time between the object’s rising or setting, and 
its passing the six o’clock hour circle; and the sum or difference of 
FE Q and six hours, according as the latitude and declination are of the 
same or different names, is the semidiurnal are. 

By this problem the time of the sun’s rising and setting, and the 
length of the day are found; for the semidiurnal arc shows the time 
of setting, and deducted from twelve hours, leaves the time of rising ; 

x2 
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and the semidiurnal are of any object, added to the time of its passing , 
the meridian, shows the time ofits setting ; and, subtracted, shows the 
time of its rising. 

When the declination is equal to or exceeds the co-latitude the 
object will be always above, or always below the horizon of the place, 
according as the declination and latitude are of the same or of contrary 
denominations. 


EXAMPLES FoR EXERCISE. 


In each of the following examples the semidiurnal are is required ? 


No. Latitude. Declination. Semidiurnal Arc 


in Time. _ 

Lhd ara 2 eee 
(oy | nas hn 8 
1/538 12N | 18 40S 31.147 O6 
2 73451 DIN) 1020 SIN 7) 184 
3.1)20,145°S 30 128 650.57 
A549 , 3d 09, 9 36N O).: dO vane 
5 | 36 28N | 14 20 N 6 43. e 


Prozp_teM X. 


To find the apparent time at which the sun’s centre rises and sets at a 
given place, on a given day, allowing for the effect of dip, refraction, 
and parallax. 


If from the sum of the dip and the horizontal refraction the sun’s 
parallax be subtracted, the remainder, added to 90°, will be his dis- 
tance from the zenith when his centre appears on the horizon. Hence, 
in an oblique angled triangle, as OZ P, we have OZ the corrected 
zenith distance, O P the polar distance, and Z P the co-latitude, given 
to compute Z PO the meridian distance, or the time from noon at 
which his centre rises or. sets. 

Note, The declination used in the computation should be that which 
the sun has at the time of rising or setting. If therefore the semi- 
diurnal arc be computed from the declination at the noon of the given 
day, by the last problem, the approximate time of rising or setting 
may he found from it; and thence, by applying the longitude, the cor- 
responding Greenwich time will be obtained. The declination may 


then be corrected for that time, and the true time of rising or setting 
found as above. 


EXAMPLES FoR EXERCISE. 


In each of the following examples the apparent time at which the 
sun's centre rises and sets is required ? 
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No. Date, Latitude. Long. | Height of | Time of rising. | Time of setting. 
the Eye. 

Oa) 3 feet hyena), s hy mys 

] May 4, 1823 | 33 28N 40 16 5 13 53A.M.| 6 46 36P.M 
Seinoche BL i524). 57° 2.N 6K 12 6.3912 5 19 43 
3 | Sept. 5, 1839 | 46 20 N 25 W 20 > 26°23 6 32 39 
4 | April 20, 1850 | 38 48 17 i 13 6:.33139.9 » 26 2) 
5 Aug. 19, 1834 | 60 28 N 20 W 15 rs WR es Ted Ay 


Prosiem XI, 


Given the latitude and the sun's declination, to find the beginning and 
end of twilight. 


In the last figure, let R be the place of the sun on the twilight circle ; 
then in the triangle R Z Pare given R Z 108°, R P the sun’s polar 
distance, and Z P the co-latitude of the observer, to find Z P R, the 
time from noon when twilight begins or ends. 

Remark. If the latitude and the sun’s polar distance differ only 18°, 
or less, there will be continual twilight while the sun is below the 
horizon. 


JIXAMPLES FOR EXERCISE. 


In each of the following examples the times of the beginning or the 
end of twilight are required ? 


ho ee eel ar End of Twilight. 
Se olay Me aa) s h m s 

1 26 257 N 16 37 S a aes ag 5 a as 6 30 41 P.M. 

2 48 57 N 14 28 N 2 34 9 Fe 2G ee ey, 

3 29 145 201258 Sine Le 8 22 43 

4 50 28 N 13 4N Zien » | O 9 24 54 

5 6017 NJ | 0 0 395 4d 8 34 16 


Prositem XII. 


Given the altitude of a known star, when another known star is on the 
same vertical with it, to find the latitude. 


Let Gand F (see the last figure) be the places of the two stars, G 
being that whose altitude G K, or zenith distance G Z, is given. 
Then, in the triangle G P F, are given G P and P F, the polar dis- 
tances, and GP F'the difference of the right ascension of the two stars, 
to find the angle PGF’; and in the triangle Z G P are then given 
Z Gand PG, the zenith distance and polar distance of G, and the 
included angle Z G P, to find Z P the co-latitude C. 
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EXAMPLES FoR EXERCISE. 


In each of the following examples the true latitude s required ? 


x 


Star whose | Observed | Staronthe | Height| Latitude True 
No. Date. Alt. is obsvd, | Altitude, | same Vertical.| of the | by Acct. | Latitude. 
Kye. 
sd feet. fo) OJ 
1 | Mar. 5, 1840 Spica 15 28 + Regulus 15 20° Nes S19. 56N 
2| April 4, 1830 | Sirius 26 30 — Procyon 18 38 N’ 37 18 N 
3 | Dec. 4, 1830 | Aldebaran 31 2+ Menkar 20 148 13 108 
4 | Feb. 19, 1850 Rigel 23 T= Castor 16 39 N 38 49 N 


Prosiem XITI. 


Given the meridian distance of a known celestial object and its altitude, 
to find the latitude. 


Let F (see the last figure) be the place of the object; then, in the 
triangle ZP F are given F P the polar distance, F Z the zenith 
distance, and Z P F the meridian distance of F, to find Z P the co- 
latitude; an example of the ambiguous case in spherics. Let F Y bea 
perpendicular from F on P Z, or P Z produced; then cot F P:rad:: 
cos Z PF: tan P Y; andcos F P: cos PY :: cos F Z: cos ZY. 
The sum or difference of P ¥Y and Z Y is P Z the co-latitude; and 
from the latitude by account it will generally be obvious whether the 
sum or the difference ought to be taken. 

It will be found advisable, in practice, to apply this problem only 
when the object is near the meridian, as a small mistake in the appa- 
rent time may, under other circumstances, produce a considerable error 
in the result. 

If the object be the sun, the apparent time, or the difference between 
the apparent time and twenty-four hours, is his meridian distance ; in 
the case of a star, the difference between its right ascension and the 
right ascension of the meridian, is its meridian distance. 


EXAMPLES FoR EXERCISE. 


In each of the following examples the true latitude is required ? 


Apparent Object Observed | Height | Lat. by| Long. | True 


{No,| Date. ‘Time. Observed. | Altitude. | of Eye. | Acct. | by Acct.| Latitude, 
h. “ms ; a feet 5 o a 

1 [July 5, 1824/11 426 AM. a 6120+] 14 | 5)N | 12 W149 4N 

2 |Oct. 29, 1825] 0 30 14 P.M. a 2039 —| 20 | 55 N | 20 W /55 24N 

3 |Aag. 5, 1848] 0 21 40 P.M. fol 5034—| 18 | 2S | 4B 92 OS 

4 |May li, 1854/9 1134 P.M.| Spica | 5556+] 15 | 428 | 80 & |42 998 

5 |Sept. 61840} 0 20 20 A.M.| Fomalhaut| 714—| 21 | 52N | 9 W 1/52 14N 
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Propiem XIV. 


From the altitude of two known. stars, observed at the same instant, to 
Jind the latitude. 


In the figure, p. 297, let S and M represent the true places of the 
stars; then, in the triangle M P S, are given M P, P'S the polar dis- 
tances, and M PS the difference of the right ascensions of the two 
stars, to find their distance M 8, and the angle PS M; and in the 

‘triangle MS Z there are then given M Z,S Z the true zenith dis- 
tances of the stars, and M S their distance, to find the angle Z S M; 
the difference between which andPSMis“%S P. Hence there are 
given ZS and 8S P, the zenith distance and polar distance of 5, and 
the included angle Z 8S P, to find Z P the co-latitude. 

If one of the altitudes be increasing and the other decreasing, Z 
will fall between S P and M P; and if Z and P are on different sides 
of M 8S, the sum of MS P and ZS Mwill be ZS P; but this may be 
avoided in practice, by selecting two stars whose polar distances are 
greater than the co-latitude. 

If the altitudes cannot both be obtained at the same instant, add 
the interval between the observations, reduced into sidereal time, (by 
adding one second for every six minutes,) to the right ascension of 
the star first observed, and the sum will be its reduced right ascen- 
sion, with which, the altitude and polar distance of the star, and the 
altitude, right ascension, and polar distance of the other star, make 
the computation as above. 


EXAMPLES FOR EXERCISE. 


The latitude is required in each of the following examples, the alti- 
tudes of both stars being taken at the same time? 


Easterly | Observed | Westerly | Observed | Height |Lat. by 
No| Date. Star. |-Altitude.| Star.” | Altitude, | of Eye. |. Acct. | 27s Lae 
oh ae | o 4 feet, ° ong 
I | Noy. 16, 1843 | aArietes | 48 5-+ | Marcab | 60 15 + 30 44 N | 43 45 N 
2 | Jan. 4, 1830 | Procyon | 69 50+ | Rigel 46 3 — 20 25 N | 24 58 N 
8 | Oct. 20, 1846 | Aldebaran| 56 58+ | Pollux 30 5 + 18 41 N 40 20 N 
4 | Jan’ 5, 1840 | Regulus | 32 40+ | Rigel 30 50 — 16 49 N | 48 34 N 
5 | Mar. 5, 1835 | Spica 53 55 — | Regulus | 10 5 — 20 45 8 4451S 


In each of the following examples, the altitudes of two stars, and 
the interval between the observations, are given to find the latitude. 


‘ Lat, 
. First Star | Observed | Second Stax | Observed 7 |Height } True 
No. Date. observed. | Altitude. | observed, | Altitude. Interval. ofEye, he ue Lat. 
ee: pon areal: ms feet. | ° Of, 
1 | May 15,1837 | Altair 93 40 + | Antares 2 7+ | 720 | 20 | 38N) 3735 N 
2 Dec. 29,1848 | Marcab | 30 40 — | a Arietes 58 7—| 6 4 14 53 N | 52 50 N 
3 | Feb. 14, 1850 | Procyon | 33 5 — | Rigel 33 10 — 8 28 16 | 52S | 5058S 


i 
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ProspLemM XV. 


From the observed altitude and angular distance of the sun and moon 
on a given day, to find both the latitude and longitude of the place 
of observation. 


Take from the Nautical Almanac the sun’s semidiameter for the 
given day, and the semidiameter and horizontal parallax of the moon 
for the hour which corresponds most nearly with the given distance, 
and correcting the altitudes and distance for semidiameter, &c. clear 
the distance in the usual manner from the effects of parallax and refrac- 
tion, and find from the Nautical Almanac the Greenwich time which 
corresponds to it. If this time differ much from the time before 
taken, let the semidiameter and parallax of the moon be taken out 
for the time thus found, the distance recomputed, and the corrected 
time at Greenwich found from it ; for which time also let the declina- 
tions of the sun and moon be taken, and thence their polar distances 
found. Then, in the figure, p. 297, S and M representing the true 
places of the sun and moon, P the pole, and Z the zenith; in the 
triangle M Z S are given M Zand § Z the true zenith distances, and 
M S the true distance of the objects, to findthe angle M S Z ; and in 
the triangle P M S are given P M and P'S the polar distances of the 
objects, and MS their true distance, to find the angle MSP, the 
difference between which and MS Z is PSZ; and in the triangle 
ZSP there are then given ZS and PS, the zenith distance and 
polar distance of the sun, and the included angle ZS P, to find 
ZP the co-latitude, and ZPS the sun’s meridian distance, whence 
the apparent, and consequently the mean time at the place of observation 
is known; and, as the mean time at Greenwich at the same instant 
is found from the distance, the difference of those times, or the longi- 
tude in time is known, 

Note. If S were the place of a@ star, the latitude and the star’s 
meridian distance, would be found as above; and from the star’s meri- 
dian distance, its right ascension, and the right ascension of the sun, 
the apparent and thence the mean time at the place of observation, 
whence, as above, the longitude might be found. 


EXAMPLES FoR EXERCISE. 


1. Ifin N latitude the altitude of Q be 26° 48’ +, and of 2 
72° 10'+, when the distance of their nearest limbs is 53° 32/ 40 
on September 29, 1823, height of the eye 20 feet, required the lati- 
tude and longitude ? 


Answer, latitude 32° 44’ N, and longitude 32° 38’ E 
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2. On September 8, 1823, in N latitude, the altitude of © was 
26° 50’—, and of 2 31° 30’ —, distance of their nearest limbs 
A7° 25’ 49”, height of the eye 26 feet; required the latitude and 
longitude ? Answer, latitude 37° 50/ N, and longitude 19° 20’ E. 


PROMISCUOUS QUESTIONS FOR EXERCISE. 


1. Given the sun’s declination 3° 16’ 6” S +, and right ascension 
12h 30m 14°4s, required his longitude and the obliquity of the ecliptic ? 
Answer, longitude 6s 8° 13’ 57”, and obliquity 23° 27/ 46”, 
2. In latitude 40° 48’ N, the sun bore S 79° 16’ W, at 3h 37m 59s. 
P. M.; required his altitude and declination ? 
Answer, altitude 37° 24’, and declination 16° 32’ N. 
3. In N latitude, when the sun’s declination was 14° 20’ N, his alti- 
tudes, at two different times, on the same forenoon, were 43° 7/ +, 
and 67° 10/ +,and the change of his azimuth in the interval 45° 2/; 
required the latitude ? Answer, 34° 20’ N, 
4, In latitude 16° 4’ N, when the sun’s declination is 23° 2’ N 
required the time in the afternoon, and the sun’s altitude and bearing, 


9 


when his azimuth neither increases nor decreases ? 
Answer, time 3h 9m 26s P. M., altitude 45° 1’, and hearing S 
73° 16’ W. 
5. The sun set S W ¢ S, when his declination was 16° 4’; required 
the latitude? — Answer, 69° 1’, 
6. The altitude of the sun, when on the equator, was 14° 28’ +, 
bearing ESE; required the latitude and time ? 
Answer, latitude 56° 1’, and time 7h 46m 12s A.M, 
7. The altitude of the sun was 20° 41’, at 2h 20m P. M., when his 
declination was 10° 28'S; required his azimuth and the latitude ? 
Answer, azimuth S 37° 5’ W, latitude 51° 58’ N, 
8. If, on August 11, 1840, Spica set 2h 26m 14s before Arcturus 
height of the eye 15 feet, required the north latitude ? 
Answer, 36° 46/ N, 
9. If, on November 14, 1829, Menkar rise 48m 3s before Aldebaran, 
height of the eye 17 feet, required the north latitude ? 
Answer, 39° 43/30’ N, 
10. If, on January 4, 1825, Castor and Alphard be observed on 
the same vertical in the eastern hemisphere, at the same time that 
Betelgeuse and Rigel are on the same vertical in the western hemi- 
sphere, required the N latitude ? Answer, 35° 12/N. 
11. In latitude 16° 40’ N, when the sun’s declination was 23° 18’ N, 
I observed him twice, in the same forenoon, bearing N 68° 30’ E; 
required the times of observation, and his altitude at each time ? : 
Answer, times 6h 15m 40s A.M. and 10h 32m 48s A. M,, altitudes 
9° 59’ 36” and 68° 29! 42”. 
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PROBLEMS REQUIRING THE USE OF A TRANSIT 
INSTRUMENT. 


A TRANsIT instrument is a telescope which revolves in the plane of the 
meridian on a horizontal axis; and it has in its focus generally five 
wires, but sometimes only three; the middle one in the plane of the 
meridian, and the others parallel to and equidistant from it; and the 
mean of the times at which a celestial object is observed on each wire, 
is the instant of its being on the meridian, if the time by the clock be 
correct. 

This is one of the capital instruments in an observatory, as, with it 
and a sidereal clock, the right ascensions of all celestial objects are 
determined: for when an object is on the meridian, the sidereal time 
at the place of observation is that object's right ascension. 

From their resemblence to the letter Y, the sockets, in which the 
horizontal axis revolves are called Ys. 

Portable instruments of this kind have of late been much used by 
persons engaged in extensive nautical and geodetic surveys, to deter- 
mine the longitudes of important. points, and the errors and rates of 
chronometers. 

The principal adjustments of this instrument are, to level the axis, 
to place the middle wire perpendicular to the horizon, and the line of 
collimation, or the line of sight, perpendicular to the horizontal axis. 
For making these adjustments, the following directions, drawn up by 
Capt. Kater, for the use of the officers engaged in the Polar expeditions, 
may suffice. : 

‘Slide the eye-piece in or out till the wires are seen distinctly. Di- 
rect the telescope to some distant and well defined object, and turn 
the milled head on the side of the transit till the object is seen with 
perfect distinctness. Place the level on the axis, and bring the bubble 
to the middle by the screw which elevates or depresses one of the Ys. 
The axis of the transit will then be parallel to the horizon. 

‘ Having brought the object to the central vertical wire by means of 
the screws which act horizontally on one of the Ys, observe whether 
the same part of the object is covered by the wire while the telescope 
is elevated or depressed, and if not, correct half the apparent deviation 
by turning round the cell which contains the wires. 

‘The middle wire covering some well-defined distant object, take the 
instrument out of the Ys, and carefully invert it, when, if the wire no 
longer covers the same part of the object, correct half the error by 
means of the screws which act horizontally upon the wires, and the 
remaining half by the screws which act horizontally upon the Ys. 
Repeat this operation till the vertical wire covers the same part of 
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the object in both positions of the telescope, and the line of sight will 
then be perpendicular to the axis,’ - 

These adjustments may be supposed to be made with the telescope 
nearly in the plane of the meridian. To bring it exactly so, find the 
time at which any star will be on the meridian, and at that instant, by 
means of the screw acting horizontally on one of the Ys, make the 
middle wire bisect the star; repeat the operation with several stars, 
until you are satisfied that the adjustment is perfect. 

For further information on the use of this and other astronomical 
instruments, see Dr. Pearson’s large work on Practical Astronomy, and 
a most valuable little work on Astronomical and Surveying Instruments, 
by Mr. F.W. Simms, late of the Royal Observatory, Greenwich, a second 
and enlarged edition of which has just appeared. 


Propiem Of. 


To find the longitude on land, from the interval between the sidereal 
times of the transit of the moon’s bright limb and a fixed star, the 
corresponding interval being observed at, or computed for a known 
meridian. 

Note. In practice the stars observed are such only as differ but little 
in right ascension and declination from the moon. A list of such 
(called ‘‘ moon culminating stars”) as are proper to be observed with 
the moon for this purpose, is now given in the Nautical Almanac, for 
_ every day on which the mooncan beseen. The right ascensions of 
the stars, and of the moon’s bright limb at the ‘instant of passing 
the meridian of Greenwich, are also given with all practicable ac- 
curacy,—so that if the intervals are not observed at Greenwich, the differ- 
ence of the right ascensions of the star and the moon’s bright limb, 
as given in the Nautical Almanac, may be taken as the Green- 
wich interval. And if the star is one whose place is well determined, 
the Greenwic) interval so obtained, will in general be little, ifat all, 
inferior, in point of accuracy, to one deduced from actual obser- 
vation. | 

With respect to the principle of this method of finding the longi- 
tude, it is evident, that if the moon had no motion in right ascension, 
and her declination and semidiameter did not change, the ¢nterval be- 
tween the times of transit of her limb and the star, will be the same at 
both places,—and that, presuming motion in right ascension only, the 
difference of the intervals would arise from and be equal to the increase 
of her right ascension in the time between the limb’s passing the 
two meridians, or after the easterly meridian’s passing the limb the 
westerly one would have to revolve through one ag le equal to the sum 
of the difference of longitude and the increase of the moon’s right 
ascension before it would reach the same limb. 


age a 
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If therefore D = the difflong, I = the mean increase, in time, of 
the moon’s right ascension in a sidereal hour, and I’ the observed in- 
crease of her right ascension in the time between her passing the two 


meridians, then I: 1" :: I’: D+ I’; whence I 2.1" —I ::.1/: Dor 
D=—__. .I’ 


We have seen that the moon’s declination and semid. being constant, 
I’ is the difference of the sidereal interval between the transits of the 
moon's bright limb and astar, at the two meridians. But if the de- 
clination and semid. be not the same at both times of observation, a 
correction for the change must be applied to one of the intervals be- 
fore their difference will accurately represent the required increase of 
the moon’s right ascension. 

The effect in seconds of time of a change in the declination may be 
computed with sufficient accuracy by the first of the following re 
and that of a change in the semid. by the second. 


—_———. —— —— 


ij t 


d i 
1. cor = 28. tand-+— . see d-+ > 
Z. cor = S8'.see d. ‘069 


Where d is the declin., d’ its change; S the moon’s semid., in seconds 
of time, and S’ its change in seconds of are. 

The following table, computed from the first of these formule, (to 
the mean semid. of the moon, ) gives the effect of a change of 1° in the 
declin.; and the effect of any other change is found by multiplying the — 
tabular correction for 1°, by the degrees and parts of a’ degree in the 
given change. ‘The Table is entered with the mean of the moon’s de-. 
clinations at the times of observation. Thus if the declinations are 10° 
40’ and 13° 10’, the mean is 11° 55’, corresponding to which in the Table 
is 234s; which multiplied by 2°5° the change of declination, gives 
"587s for the correction. 

The extreme deviation from the moon’s mean semidiameter, to which 
the table is adapted, will scarcely ever affect this correction in the second 
olace of decimals ; what the moon’s actual semidiameter is at the time, is, 


‘therefore, of no importance. 


From Table 34, which is computed from the second ef the rhar tdi 


>: SS the effect ofa change in the moon’s semidiameter may be taken 


by inspection. Parts of correction for tenths of seconds in the change of 
the moon's semid. are obtained by taking the tenth part of the correction 
for the corresponding second, 

g A 
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TABLE. 


Effect of a change of 1° in the moon's declination on the interval 
between the transits of her limb and a star. | 


| Mean Mean | Mean Mean ; | 
. declin. Cor. declin. Cor. | declin. Cor. declin. Cor. 
/ ° Ss oe) Ss : Oo Ss ° Ss 
0 *000 7 Boao 14 “278 21 "445 
| 1 “O19 8 *154 Ls °300 py *472 
Pre 38 3 ygkdeeet ||| LG. a oes 23. .-499 

| 3 “057 10 "194 | 17 * 346 24 TOeT 
i 4 -O76 Ll AA 18 *368 25 “6557 
le 5 *095 12: 5 19 °394 26 “bot 3] 
oh. tr 4404 1B. 2256%, | 20°) 7419 2% oneGhOu 
| 7 °134 14. 2278 | 21 *445 28 *652 | 


h 

Table 33, contains the log of a ; but the argument of the Table 
is the moon’s average change of right ascension in an hour of mean 
time, obtained by dividing the difference of the right ascensions taken 
from the Nautical Almanac, for the estimated Greenwich time of the 
two observations, by the hours, &c. in the difference of those times. 

This argument may be found with less trouble, and with sufficient 
accuracy, if the right ascensions be taken for the nearest approximate 
times that have the minutes of their difference 6, or a multiple of 6; as 
- the number to be divided by will not then have more than one place of 
decimals. . 

This being premised, the diff long between the two places may be 
found by the following 


Practica, Rutz. 


Correct the intervals for the rate of the clock or chronometer, adding 
the part of the daily rate due to each interval, ifthe rate is a losing, and 
subtract it if it is a gaining one. 

_ Find the Greenwich time of the moon’s transit at both meridians 
by Prob. 12, p. 222; and if the western limb is observed, subtract 
1 minute from each time; but if the eastern limb is observed, add 1 
minute to each time, and the result will be the approximate Greenwich 
time of the transits of the limb. 

For these times take the moon’s right ascension from the Nautical 
Almanac, and divide the difference of right ascension by the hours,&c. 
in the difference of the Greenwich times, and the yuotient will be the 
mean hourly change of the moon's right ascension in the interval, or 
the argument for Tab. 33. 

Take also the change of declination in the interval, and the deéélina- ~ 
tion at the middle time , (which mer] pbath taken rougpily PY the pti ~ 
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from the Almanac,) and with them, by the aid of the above table, find 
the correction of the interval for the change of declination. 

By Tab. 34, find also the correction of the interval for the change of 
the moon’s semidiameter. | 

Then apply these two corrections to the interval at the more westerly 
meridian, with the sign as directed below. : 


Signs of correction for change of )»’s declination. 


° Correction 

W limb obs zt 
Bale LE The contrary signs when 
the declin is decreasing. 


)’s declin txcreasing 
ae % { et a 


Signs of correction for change of y's semidiameter. 


* Wi Correction 
limb obs — 
»’s semid 7 . > ee i LE + ( The contrary signs when 
Aly ae W + the semid is decreasing. 
y follows | E Ai 


Call the seconds in the difference of the corrected intervals, A, or if 
several stars have been observed, call the seconds in the mean of all 
the differences of the corresponding intervals A. 

Add the logarithm of A to the logarithm from Table 33, correspond- 
ing to the argument for that Table already found, and the sum will be 

“the logarithm of the difference of longitude, in seconds of time. 
Notes The parts for hundredths in Table 33 are found in the column % 

of « parts’ opposite the corresponding tenths. Thus, for 1m 42°5%7s, the 

log for lm 42°5s is 1:534256, and the part for 7 hundredths is -304; 
whence the log is 1°533952. Striking off the figures on the right in 

the column of ‘parts,’ the remaining figures on the left are parts for 
. thousandths. - 
Beat If either of the intervals is in mean time, from its 360th part subtract 
: ( _ the 70th part of that part, and the remainder added to the intervalin 
mean time will give it in sidereal time. If both intervals are in mean 

time, reduce their difference to sidereal time by the same rule. | | 
If the moon precede the star at the easterly, and follow it at the 
westerly meridian the sum of the intervals, instead of ei ferences: ae ue 


ace will be A, 


z 


: EXAMPLE. : 

~ 8 
. If on October 18th, 1836, y~ soaprieoe pass the fneridian of 
rccowich at 20h 55m 6°31s and the moon’s W limb at 21h 9m 3°37s 
~ sidereal time ; j and on the same day on long by estimation 50° W, the 
He Pee times wets ae 12m AQ: sh and 11h oan 3) bg ak 


al in’ 
0 ie 
ny bg AY Ly 
j he ae oe 
Py i é 
ar ta nigh ch ur Baty (ihe 
is ay a ch Siac Hiaetn ih 
age See OPA, a 
ae ERAGE a? ody ae sb ha ‘ay 
os : j 
eines, r 7 


Se 
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SE 
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By the Nautical Almanac. Dis RA " )’s Dee 
hm im h m 

dis merpass . « .. 7 21-454 7 20, 21 10 12° 56 219 50” Diff +63? 
Deduct lm for W limb . 1 10 47,21 18 26-40 21 42 | 
Approx time of trans limb 7-20 Diff 8 13°84 21 31 Mean 
Long intime-+cor, Tab 17 3 27=3:45h Ta rt 
Green Time of W transit. 10 47° 8 13+ 84 m gs 

é bus. - =2, 23°16 ) ia Wosig Ha hte 

' 3°45 ; 


Decrease of }'s semid in 3h 27m, *6”. 


" % 
Chronometer ‘Time 


Greenwich Time. at W station. 
hm h m s 
20 55 6° "31 ll 12 40°74 
ot De 337 , 11 34 51-23 
Interval 13 57-06 | 22 10°49. . 


—_——— Cor for rate wl 3 


en 


Intervalinmeantime. . . 22 10°36. 
Red. to sid. time .... + 3°64 


es es 


Interval in sid. time .. . 22 14:00 
Correction for ch.of dec.. . ++ +27 


ee eee 


22 °14°27 
Corectionforch. semid . . — 04 


Corrected W interval . . 22 14°23 
Greenwich interval. . . . 13 57°06 


‘ ne 8 17°17=497°17.  lop~—(.« 2696540. 
}’shourly inc. of RA 2m 93° 16s Tab. 30: 1°384095 
Longitude W 50° 10’==12040s log. 4080635 


Prosiem If. 


To thus the Iiigitiide on land from the sidereal time at which the moon’s 
, et Ke limb passes the meridian. 


To the sidereal time of the transit apr the sidereal time which dhe ’ 


_moon’s semidiameter, takes I in passing the meridian, (given in the right 


column of the last of moon culminating stars in the Nautica Almanac,) 
adding it if the western, and subtracting it of the eastern limb is ob- 
served —and the sum or the remainder: will be the sidereal time when the 
moon’s centre is on the meridian, vor the moon’s right ascension at that 
instant. 

_ Find by the method given at p. 269 What mean Greenwich sre cor- 
responds to this right ascension of the moon, to which add the propor- 
tional part of 3m 55:91s, and the sidereal time at mean Greenwich noon, 
(given in the right hand column of Md of each month i in the Nautical 


i %): 
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Almanac,) and the sum will be the sidereal time at Greenwich; the dif- 
ference between which and the sidereal time of the transit of the moon’s 
centre at the place of observation is the longitude of the place in time. 

The proportional part of 3m 55‘ 91s for Greenwich time, may be con- 
veniently found thus: 

To the log from Tab. 30 of the Greenwich mean time add 7845, and 
the sum will be the log, in the same table, of the required proportional 
part; hours and minutes in the table, being taken as minutes and se- 
conds of the proportional part. | 

For example, if the Gréenwich time found from the moon’s right as- 
cension be 2h 29m 6'18s, and the sidereal time at Greenwich mean 
noon be 18h 40m 29°33s, then we have 

Greenwich mean time. . 2h 29m 6:°18s ‘Tab.30 98550 


7845 
1 a 00% s 
24°49 Tab, 30 17695 
Mean time at Greenwich 229 6°18 a 


Sid. time at Gr. mean noon 18 40 29°33 


Sidereal time at Greenwich 21 10 0°00 ° 


ON WINDS. 


_ Tuer chief causes of winds are the expansion and contraction of the air 
from heat and cold; and, though in our climate nothing is more pro- 
verbial than the inconstancy of the winds, in some parts of the earth 
they appear to be governed by laws which operate with considerable 
regularity. 

The most remarkable of these winds are the Trade Winds, which in 
a zone extending in general about 30° on each side of the equator, 
blow from the eastward nearly quite round the globe; inclining 
towards the north in north latitude, and towards the south in south 
latitude, and forming what are called the NE and SE trade winds. | 
In the intermediate space the wind is variable, but it in general blows | 
from the eastward. In this space, sudden squalls and heavy rains fre- 
quently occur. ‘ 

When the sun has his greatest north declination, the S E trade wind 
extends several degrees N of the equator; and, in the opposite season, 
the N E trade wind extends in like manner to the south side of the 
equator; but in all seasons, these winds are found to be greatly 
modified by local circumstances, particularly near land. In the vast 
expanse of the Pacific Ocean they prevail almost uninterruptedly out 
at sea; but in the Atlantic, on the coast of Brazil, they blow from 


NEto ENE, from September till March, and from SSE to EES 
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during the other half of the year. Near the African coast, the winds 
in general tend towards the coast ; but, in the Gulf of Guinea, there is 
sometimes found a moderate breeze from the NE. Off this coast, 
about 7° N latitude, and 20° W longitude, there is a considerable 
space, where almost continual calms are found, attended with thunder 
and lightning ; and the rains are so frequent and heavy, that the space 
has acquired the name of the Rains. 

In the Indian Ocean, from about latitude 28°S to the equator, the 
SE trade wind blows pretty constantly; but in the Arabian Sea and 
the Bay of Bengal, there are certain periodical winds, called monsoons, 
which, from April till October, blow from S$ W, and from the opposite 
point from October till April. The SW monsoon is frequently 
attended with tempests and rain; but, during the prevalence of the 
N E monsoon, the weather is in general dry and pleasant. About the 
change from one monsoon to another, very violent storms of wind are 
usually met with. 

Monsoons are found also in the Mozambique Channel, but the fair 
season there is during the S W, and the rainy season during the N E 
monsoon. | | 

On the coasts of Sumatra and Java, and along the coast of China, 
monsoons also prevail; but they blow more nearly from the north and 
south than those in the Arabian Sea; and they are, besides, much 
less regular, and are frequently interrupted by violent hurricanes, 
called tyfoons.- Off the western coast of New Holland, there are 
regular monsoons, which blow from N W from October till April, and 
from S E during the remainder of the year. ; 

Beyond the limits to which the trade winds extend, the winds are so 
variable, that all attempts to deduce the laws by which they are 
governed, have hitherto been unsuccessful; westerly winds however are 
observed to be, on the whole, most frequent. 

From what has been said, it will readily be perceived that a 
mariner, bound to the westward, will avail himself of the trade wind, 
. when he can reach it without going too fa out of his way; but this 
” weit so favourable in running towards the west, is directly adverse in 
sailing eastward, and it would therefore be a mere waste of time to 
attempt to sail to the eastward in the trade winds. 

Indiamen, both outward and homeward bound, generally cross the 
equator between 18° and 23° west longitude, and thus avoid the coast 

America, as well as the calms off the coast of Africa; and steering 
to the south-westward across the S E trade wind, till they reach the 
latitude where variable winds prevail, they then make towards the east, 
In sailing outwards in the Indian Ocean, they generally run down 
their longitude south of the parallel of the Cape of Good Hope, and 
then steer across the S E trade wind towards India 

¥ 
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Ships bound from Europe for the West Indies, and the southern 
parts of North America, avail themselves of the trade wind, which 
they endeavour to reach as soon as possible; and, in returning, they 
steer towards the north, till they get without the limit of the trade 
wind, where they find the winds variable, and they then work their way 
towards the east. 

Ships from the coast of Guinea sail from S to ES E, as the wind 
will permit, till they reach the island of St. Thomas; and with the 
wind which is generally found in that quarter, they run to the west- 
ward till they meet the S E trade wind. 

Near the shore in tropical climates, there are daily land and sea 
breezes, the wind blowing from the sea during the heat of the day, 
and from the land during the night. In very warm weather these 
breezes are often observed to blow pretty regularly, even in temperate 
climates. 


ON TIDES. 


Tipes are the daily rising and falling of the waters of the ocean, and 
they are produced by the attractions of the sun and moon, but chiefly 
by the attraction of the moon. 

The attractive force of the moon, like that of every other body, 
varies in the inverse proportion of the square of its distance from the 
object which it attracts; and, consequently, the particles of the earth 
immediately under the moon are more, and those on the opposite side 
less attracted by her, than the intermediate parts are. And as the 
attraction of the moon, in the former case, acts in opposition to the 
gravity of the particles towards the earth’s centre, their tendency 
towards the centre will be diminished; and, consequently, if they were 
at liberty to move freely among themselves, they would rise above the 
level of the place which they would otherwise occupy, and form a 
wave, which would follow the moon in her diurnal circuit round the 
earth. And although the moon’s attractive force is in the same direc- 
tion with the gravitating force of the particles, on the opposite side of 
the earth, yet, as she exerts a greater force in the same direction, on 
the central parts, the relative gravitation of the central parts, and the 
particles on the opposite side towards each other will also be dimi- 
nished; and, therefore, if at liberty to move freely, these particles will 
also rise above the general level, and form a wave or tide on the side 
_ opposite the moon. 

The tide on the side next the moon, or that which happens when the 
moon is above the horizon, is called the superior, and the other the 
inferior tide. | 
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Now it is only the particles of fluids that can be sensibly affected by 
such small variations in the gravitating forces; and it is only in the 
ocean, and large seas, that there is sufficient water to admit the effect 
even in fluids, to be distinctly observable. 

The time of full tide, however, even if the earth were covered with 
water, would not be at the time at which the moon is on the meridian 
of any place; for the waters, having been once put in motion, would 
continue to rise for some time, even if the moon’s action were to cease 
altogether; and they, of course, continue longer to rise when her force 
is only a little diminished. 

The waters of the ocean are similarly affected by the attraction of 
the sun; but though his attractive force on the earth is immensely 
greater than the moon’s, yet, from his great distance, the effect is more 
nearly equal upon every particle, and therefore the tides which he pro- 
duces are, with respect to the moon’s, comparatively small ; and, in fact, 
they are only perceived in the modifications which they produce in the. 
times and the heights of those which are primarily regulated by the 
moon. 

In the interval between two successive transits of the moon, she pro- 
duces two tides; and the sun, in every twenty-four hours, produces 
two tides also. The tides produced by the sun and moon coincide at 
the times of full and new moon; and the consequence is, that the tides 
at those times are higher. At the quarter of the moon, the effect of 
the solar is to diminish the lunar tide; and hence, at those times, we 
find the tides are below the average height. The tides at full and 
change are called spring tides, and those at the quarters neap tides ; 
but the highest and lowest tides are generally about the third tide after 
the full and change, and the quarters. 

As the action of the sun increases or diminishes the height of the 
lunar tide, so it also accelerates or retards the times at which high 
water happens. 

When the moon is in the first and third quarters, the observed tide, 
or that compounded of the solar and lunar ones, is to the westward, and 
in the second and fourth quarters to the eastward of that raised by 
the moon alone ; hence the action of the sun makes high water earlier 
in the former, and later in the latter case. This explanation will be 
received with a slight modification, arising from the consideration, that 
the solar and lunar tides are eastward of the places of the sun and 
moon, and consequently this acceleration and retardation, like the 
times of the highest spring and the lowest neap tides, will take place a 
little after the moon enters the quarters mentioned. 

When the moon is at her least distance from the earth, the tides of 
course are greater than usual; and when the full or change of the 
moon happens about the beginning of January, when the sun also is 
: Yaw 
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nearest the earth, the tides are the greatest of all. The nearer the 
moon passes the zenith of any place, the greater are the tides which she 
produces at that place. 

In small seas which are much enclosed by land, such as the North 
Sea, the observed tides are supplied from those raised in the adjoining 
ocean; and the Baltic, the Mediterranean, and such other seas as 
communicate with the ocean by very small mouths, cannot receive a 
sufficient supply of water in a tide to produce a material elevation in 
their surfaces; in these seas, in consequence, the tides are found to be 
very trifling. 

The times of high water at any individual place are greatly influ- 
enced by its local situation ; but there is at every place a mean relation 
between the time of high water and that of the moon’s passing the 
meridian, which relation is subject to periodical variations, depending 
on the distances and relative positions of the sun and moon. ‘The time 
of high water too often is materially affected by the wind; but it may be 
found, with sufficient exactness for any practical purpose in navigation, 
by means of the following problems. 


Prosiem I. 


To find the moon’s age on any day between the years 1800 and 1900. 

The time of a mean lunation is nearly 29d 12h 44m, twelve of 
which make about 354d 9h, or about 10d 21h less than a solar year 
of 365d 6h. Hence the age of the moon, at the beginning of any 
year, will be 10d 21h greater than at the beginning of the preceding 
one, till it reach a complete lunation, when its excess above that quan- 
tity will be her age. And if the days elapsed from the beginning of the 
year were divided by 29d! 12h 44m, the remainder would be the age of — 
the moon, if the new moon happened at the commencement of the 
year; consequently if the moon's age at the beginning of the year were 
added to that remainder, the sum would be the moon’s age on the 
proposed day. 

These remainders, for the beginning of every month, increased by 5, 
the moon’s age at the beginning of the year 1800, are given in the fol- 
lowing table, both for leap years and common years 3 every year 
divisible by 4, without a remainder, being a leap year. 

Jan. Feb, March. April. May. June, July. ‘August. Sept. Oct. Nov. Dec. 

Common Years5 6 5 6 7 8 9 10 12.4 12), 140 18 

Leap Years 5 7 6 7 8 9 10 1] 13° 13 35 ome 

__ To find the moon’s age for any time between 1800 and 1900, subtract 

1800 from the given year, multiply the remainder by 109, and 

divide the product by 295, and to the tenth part of the remainder add 

the day of the month and the number from the above table, and the sum, 

if it does not exceed 30, is the moon’s age; if it exceed 30, the excess 
above 30 is her age. 


ON TIDES, , 325 


Prosuem II. 
To find the time at which the moon passes the meridian on a given day, 


If the new moon happen at noon, the sun and moon will be on the 
meridian together; and as the moon, at a mean rate, is about 49 
minutes later in coming to the meridian every day, if we multiply 49 
by her age in days, and divide the product by 60, the quotient will be 
the hours, and the remainder the minutes past noon, when she passes 
the meridian on the given day, on the supposition that her motion is 
uniform, and that she changes at noon. But as her motion is 
not uniform, and she seldom changes precisely at noon, this method of 
finding the time of her transit must be considered as only an approxi- 
mate one. The method of finding it correctly, with the aid of the 
Nautical Almanac, has been given at Problem 5, p. 216, and those 
who possess the Nautical Almanac will of course employ that method. 


EXAMPLE. 


It is required to find, by the two preceding problems, the mo 
age nearly, and the approximate time of her passing the meridian on 
September 10, 1823 ? 

109 x 23 = 2507, which, divided by 295, gives 8 for the quotient, 
and an integral remainder of 147. 


Tenth of the remainder . 14 
No. for September, 1823. 12 
Day of the month ..... 10 
es 36 
BEM ccyae css esses OU 
6 x 49 


BIGON SDRC... occ c ose ra: and = 4h 54m, the time 


of her passing the meridian. 


EXAMPLES FOR EXERCISE. 


It is required from the two preceding problems, without the aid of 
the Nautical Almanac, to determine approximately the moon’s age, 
and the time of her passing the meridian on each of the following days ? 


Date. Moon’s Age. peer Me of 
days he eam 
November 2, 1824 12 9 48 
January 15, 1830 22 17 58 
July 22, 1851 25 20 25 
December 21, 1872 13 10% 37 
September 23, 1823 19 15 31 


A 
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Prosiem III. 


To find the time of high water on a given day at any place where the 
time of high water at full and change is known. 


Let the time of the moon’s passing the meridian of the given place 
be found by Prob. 5, p. 216, and to this time apply the correction 
from the following table, corresponding to her meridian passage and 
semidiameter, and to the result add the time of high water at full and 
change at the given place, as given in Table 35, or 36, and the sum 
will be the time of high water on the afternoon of the given day. If 
this sum exceed 12h 24m, or 24h 49m, subtract those times from it, 
and the remainder will be nearly the time of high water on the after- 
noon of the given day. 

If the computer have not a Nautical Almanac, he may find the 
approximate time of the moon’s passing the meridian by the two pre- 
ceding problems, and applying to it the correction from the middle 
column in the following table, add the result to the time of high water, 
at full and change, from Table 35, or 36, and the sum will give the 
time of high water, generally within less than an hour of the truth. 

Since 1834, the time of the moon’s meridian passage is given in 
mean time; to find the ‘app. time to enter the following table apply 
to the mean time, the minutes in the equation of time with the sign 
given in page li of the Nautical Almanac. 


Corrections to be applied to the time of the moon’s meridian passage 
in finding the time of high water. 


y’s Mer. )’s Semidiameter. )’s Mer.||}’s Mer. y’s Semidiameter. )’s Mer. 
Pass. Pass. Pass. Pass. 


ey App. App. 17 Jc. Pin aan 0 
Tinto. 16’ 30” | 15’ 80” | 14” 30” Tine. Tinto, 16’ 30” | 15’ 30’ | 14” 30” Tine 
hm h m h m hm! hm h m h m hm hm/] hm 
00 {1—0 4 0 O| +0 5] 12 0 6 0/—055|/—1 2|—1 19} 18 0 
030 |—010/—0 8/—oO 5] 12 30 6 30 |— 0 46/— 0 51]/— 0 58] 18 30 
a) fi Ol atm OG Otel) ao TO 0 |— 0 32|— 0 34/— 0 87] 19 0 
130 |— 0 24/— 0 25|— 0 95} 13 30 7 30 |— 0.17|— 0 16]}—.0 14) 19 3a 
990 |— 031 0 34/— 0 36] 14 0 8 0/—O 1iIFO 31+ 0 9/90 0 
9 30 (> .0'38 | 04h) ~ 0.46}. .14 30 8 30/+ 0 8\|+ 0 15/+ 0 94! 20 30 
3.0 |— 0 44/— 0 49/— 0 55| 15 0 9 0|+ 0 14/+ 0 Q1/+ 0 32] 91 O 
330 |—050|—056/— 1 4] 15 30 9 30 |-+ 0 16|+ 0 24/+ 0 36] 91 30 
Ae) ele eo Do. Lad == le FO}. WO 10 O0!/+ 0 15|+ 0 23/+ 0 34] 99 0 
430 |—058/—1 6/—1 16} 16 30 10 30 |-++ 0 12;+ 0 19|+ 0 29} 99 30 
esi Meh Ole Lg bam BIOL E710 LL OTD 
530 |—059/—1 7/—118| 1780/1 1130/+0 2/+0°7 0 15] 23 30 
BOO Vita O86) ao 109) — E19). 18 0.12 to) 04 0 O|+0 5] 24 0 
EXAMPLE. : 


Required the time of high water September 10, 1823, at Quebec ? 


ey 
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)’s meridian pass., Nautical Almanac, 
(see Table 32) .................. 4h 32m —+ 51m, semid 15’ 
Correction for longitude, Table 17..... —-+ 10 


4 42 
Correction from the above Table......—1 12 


3 30 
High water at full and change, Tab. 35, 7 30 


HATISWOL. 0.5 sos LO 


The same computed by the other method. 


In the example to Problem 2, the time of the moon’s 
passing the meridian is computed to be ............ 4h 54m 
Cor. from the middle column of the above Table ...... —1 7 


; $547 
I ev ae cle a cacaeaets. 1.41.30 


Answer ..s.-- ll 17 


EXAMPLEs FoR EXERCISE. 


The time of high water is required in the afternoon at each of the 
places mentioned in the following examples, on the respective days 
mentioned, the requisite data from the Nautical Almanac being given 
in Table 32? 


Time. Place. Time of High Water. 
h m 

September 20, 1823 Amazon R. Ent. 6 3 PM 
September 23, 1823 Lisbon 3. 56 
September 14, 1823 Rio Janeiro 10 12 
September 7, 1823 Funchal 1 33 
September 25, 1823 Cape Town 5 44 


The time of high water in the afternoon is required in each of the 
following examples, computing the moon’s age, and the time of her 
meridian passage, by the two preceding problems? " 


Tine. place, | Moon's Age. | MO°R".. | gy Tie of 
days. he my h m 

July 16, 1829 Neweastle 16 13 4 4 24 P.M. 
Nov. 4, 1848 Liverpool 11 8 59 2-56 
Feb. 3,1882 Stromness LZ 13. 53 9 56 
April 28, 1870 Cape Finisterre 26 Bh Lah iets 
June 10, 1896 Easter Island 2 leas aad 
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Progitem IV. 


From the observed time at high water at any place on a given day, to 
find the time of high water at full and change. 


To the time at which the moon passes the meridian of the given 
place, found by Prob. 5, p. 216, or Prob. 2, p, 325, apply the correc- 
tion from the preceding table, and the result, subtracted from the 
observed time of high water, will leave the time of high water on the 
afternoon of the days of full and change. | 

If the time to be subtracted exceed the observed time of high water, 
let 12h 24m, or 24h 49m, (whichever is necessary to make it greater,) 
be added to the observed time before the subtraction is made. 


EXAMPLE. 


It was observed to be high water at Quebec, on September 10, 1823, 
at 11h Om, required the time of high water at full and change? 

In the last problem, the time of the moon’s passing the meridian on 
the given day, corrected by the equation from the table, was found to 
be 3h 30m, which, subtracted from 11h Om, leaves 7h 30m for the 
required time of high water at full and change. 


EXAMPLES FoR EXERCISE. . 


The time of high water, at full and change, is required in each of 
the following examples, from the time at which it was observed on the 
given day ? 


Observed Time Time of High Water 


Place, Day. of High Water. atjFull and Change. 
m h m 
Amazon R. Ent. | September 20, 1823 6 3PM 6 0 
Lisbon September 23, 1823 3 56 2 15 
Rio Janeiro September 14, 1823 10. 12 2.49 
Funchal September 7, 1823 1-33 oe 
Cape Town September 25, 1823 5 44 2 -30 


An extensive series of observations of the times and heights of the 
tides has been undertaken by the officers of the coast guard service, to 
Serve as a foundation of investigations for predicting them in a more 
satisfactory manner than has hitherto been done. 
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Prospiuem V. 


From the mean height of the spring and neap tides at any place, to 
Jind the height of any other tide at that place. 


With the moon’s semidiameter at the top, and the apparent time of 
her meridian passage in the side column of the following table, take 
out the numbers below A and B; and multiply the number below A 
by the mean height of the spring tide, and that below B by the mean 
height of the neap tide, and the sum of the products will be nearly the 
height of the required tide, independent of winds, freshes, &c., of 
which it is impossible to estimate the effects. This table is due to 
Bernoulli. 


Apparent Time of Moon’s Semidiameter. 
Moon’s 
Mors Pass. 16’ 30” 15’ 30” 14’ 30” 
A B A B A Bb 

h om h m See 

0 0 24 0 0°99 | 0°15 || 0°88 | 0°12 || 0°79 | 0°08 
0 40 23 20 1°10 | 0-04 || 0°97 | 0°03 || 0-87 | 0:02 
1 20 22 40 1°14 | 0°00 || 1-00 | 0°00 || 0°90 | 0:00 
2 0 22 0 1-10 | 0°04 || 0-97 | 0°03 || 0°87 | 0°02 
2 40 21°20 0°99 | 0°15 || 0°88 | 0°12 || 0-79 | 0°08 
3 20 20 40 0°85 | 0°32 || 0°75 | 0°25 || 0°68 | 0-18 
4 0 20 0 0°67 | 0°53 || 0°59 | 0°41 |] 0°53 | 0°29 
4 40 19 20 0°46 | 0°75 || 0°41 | 0°59 || 0°37 | 0°41 
5 20 18 40 0°28 | 0°96 || 0°25) 0°75 || 0°23 | 0°53 
at 18 0 0°13 | 1°13 || 0°12 | 0°88 || 0-11 | 0°62 
6 40 17 20 0°03 | 1°24 || 0°03 | 0:97 || 0-03 | 0°68 
7 20 16 40 0°00 | 1:28 || 0°00 | 1°00 || 0-00 | 0°70 
8 0 16 0 0:03 ; 1°24 || 0°03 | 0-97 || 0°03! 0°68 
8 40 15 20 0°13 | 1°13 || 0°12 | 0°88 || 0-11 | 0°62 
9 20 14 40 0°28 | 0°96 || 0°25 | 0°75 || 0°23 | 0°53 
10 0 14 0 0°46 | 0°75 || 0°41 | 0°59 || 0°37 | 0°41 
10 40 13, 20 0°67 | 0°53 || 0°59 | 0°41 |} 0°53 | 0°29 
11 20 12 40 0°85 | 0°32 || 0°75 | 0°25 || 0-68] 0°18 
12 0 2) 0 0°99 | 0°15 || 0°88 | 0°12 || 0°79 | 0°08 


EXAMPLE, 


If the height of the spring tide at a certain place be 18 feet, and that 
of the neap tide 14 feet, required the height of the tide when the 


time of the moon’s meridian passage is 8h 40m, and her semidiameter 
15! 30”? 


Here we have A= °‘!2 and B= °88 
Mma 12 x%18=— 2°16 
ooo x 14 == 12°32 


Answer... 14°48 
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EXXAMPLES FOR EXERCISE. 


In each of the following examples the height of the tide is 
required ? 


Height of Height of 
Date. Spring Tide. Neap Tide. ee 


feet. feet. 
September 11, 1823 20 12 


September 19, 1823 15 9 
September 29, 1823 25 13 
September 2, 1823 12 8 
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TABLE I. 
Difference of Latitude and PRS for + Point. 


.| Lat. Dep.|Dist.} Lat. | Dep. 


180.8} 08.9} 241|240.7| 11.8 

181.8] 08.9] 242/241.7| 11.9 

182.8} 09.0} 243)242.7| 11.9 

183.8] 09.0] 244|243.7| 12.0 

184.8) 09.1} 245/244.7| 12.0 
246)245.7 
247 |246.7 


132/131.8] 06. 8] 09.4] 252/251. 
133/132.8| 06.5} 193/192.8] 09.5] 253/252. 
134|133.8] 06.6 8} 09.5] 254/253. 
135/134.8] 06.6 8] 09.6] 255/254, 
136|135.8] 06. 1195.8} 09.6] 256/255. 
137|136.8|. 06. .8| 09.7] 257/256. 
138/137.8| 06. 1197.8} 09.7] 258]257. 
139|138.8] 06.8] 15 8) 09.8] 259/258. 
139.8] 06.9 | 09.8] 260/259. 
140.8] 06.9 
2/141.8] 07.0 
3/142.8| 07.0 
143.8] 07.1 
5|144.8] 07.1 
145.8] 07.2 
146.8] 07.2] 207/206.8 
147.8| 07.3] 208|207.8 
148.8] 07.3] 209 
149.8| 07.4] 210 
150.2| 07.4] 2111: 
151.8] 07.5} 212 
531152.8| 07.5] 213 
153.8] 07.6] 214 
154.8] 07.6] 215 
155.8] 07.7| 216 
156.8| 07.7] 217]: 
157.8| 07.8] 218 
158.8| 07.8] 219): 
0|159.8] 07.9] 220 
100.9} 05.0) 161|160.6| 07.9} 22112: 
101.9] 05. 161.8] 08.0] 222 
102.9] 05.1} 163|162.8| 08.0] 223 
103.9] 05. 163.8| 08.1] 224/293. 
104.9} 05.21 165|164.8} 08.1] 225): 
105.9| 05.2] 166|165.8| 08.2] 226 
106.9| 05.: 166.8] 08.2) 227): 
107.9| 05.: 167.8| 08.2} 228 
108.9] 05.4 168.8| 08.3] 229/¢ 
109.9] 05. 169.8] 08.3] 230 


110.9} 05. 170.8| 08.4| 231/95 ‘ 
ILT:9 * 171.8} 08.4} 232)231.7 ‘ 2|291.7 
112.9} 00o.¢ 172.8] 08.5] 233/232. ‘ 292.7 
£1S:9 ; 173.8] 08.5] 2341233. e 293.6 
5|114.9| 05.6 1174.8] 08.6] 235/234, | 295/294.6 
175.8 6] 236/235. 6] 296|295.6 
176.8 J] 237/236. 6} 297|296.6 
177.8| 08.7] 238 ; 7] 298) 297.6 
178.8 8} 239)238. Z| 299}298.6 
240/239, 8} 300/299.6) 14.7 
Dist.| Dep.| Lat. |Dist.| Dep. | Lat. |Dist.; Dep.| Lat. [Dist. .| Lat. {Dist.| Dep. | Lat. 


DOWUAD rir 


ota eg nea 


STANT NT 
CONATRWNHS 
LO £0 6 6 60 6 8 tO 


le oe 80 oe ome 2) 
¢ eld SD ed 
© 6 66 8 6 


for 7 3 Points. 


CSE oe 


TABLE ne 
Difference of Latitude and Departure for £ Point. 

Dist.] Lat. | Dep. Dist. Lat. Dep. i Dist.| Lat. Dep. Dist.} Lat. | Dep. Dist. Lat. Dep. 
1] 01.0) 00.1] 0} 121|120.4] 11.9] 1811180.1| 17.7] 241|239.8] 23.6 
21 02.0 1] 122}121.4] 12.0} 182]181.1] 17.8} 242/240.8] 23.7 
31 03.0 2) 123}122.4) 12.1} 183]182.1| 17.9] 243/241.8] 23.8 
Al 04.0 3.31 124]123.4] 12.2} 1841183.1] 18.0] 244/242.8) 23.9 
5} 05.0 A} 125]124.4] 12.3) 185]184.1] 18.1] 245}243.8] 24.0 
6] 06.0 5) 1261125.4] 12.3] 186]185.1] 18.2) 246}244.8] 24.1 
7| 07.0 .6| 127|126.4) 12.4} 187)186.1] 18.3] 247/245.8} 24.2} 
8] 08.0 7} 128]127.4) 12.5} 188]187.1| 18.4] 248/246.8} 24.3 
9} 09.0 81 129}128.4] 12.6] 189]188.1] 18.5] 2491247.8] 24.4 
10] 10.0 9] 130}129.4] 12.7} 190]189.1| 18.6] 250/248.8] 24.5 
11] 10.9 Of 131]130.4] 12.81 1911190.1| 18.7] 251/249.8] 24.6 
12} 11.9 132]131.4] 12.9] 192]191.1} 18.8] 252)250.8] 24.7 
13] 12.9 133}132.4| 13.0] 193}192.1] 18.9] 253/251.8}] 24.8 
14] 13.9 134]133.4] 13.1] 194]193.1] 19.0] 254/252.8] 24.9 
15] 14.9 135]134.3} 13.2] 195]194.1} 19.1] 255}253.8] 25.0 
16] 15.9 Al 136]/135.3] 13.3] 1961195.1| 19.2] 256|254.8| 25.1 
17| 16.9 5) 1371136.3} 13.4] 197]196.1| 19.3] 257|255.8| 25.2 
18] 17.9 6) 138]137.3] 13.5) 198]197.0| 19.4] 258/256.8] 25.3 
19] 18.9 Z| 139}138.3}] 13.6} 199]198.0] 19.5] 259}257.8) 25.4 
20] 19.9 81 .140/139.3] 13.7] 200]199.0] 19.6] 260}258.7| 25.5 
21} 20.9 9 141|140.3} 13.8] 201|200.0] 19.7] 261|259.7| 25.6 
22) 21.9 .O} 142}141,.3} 13.9] 2021201.0| 19.8] 262]260.7| 25.7 
23} 22.9 1} 143}142.3] 14.0] 203}/202.0} 19.9} 263|261.7) 25.8 
24] 23.9 144]143.3] 14.1] 204]203.0| 20.0] 264}262.7| 25.9 
25] 24.9 145]144.3] 14.2] 205/204.0| 20.1) 265}263.7| 26.0 
26} 25.9 A} 146/145.3] 14.3] 206]205.0| 20.2] 266/264.7| 26.1. 

#27) 26.9 5} 147|146.3] 14.4] 207/206.0| 20.3] 267|265.7| 26.2 
28] 27.9 6} 148]147.3] 14.5] 208]207.0| 20.4] 268/266.7) 26.3 
29] 26.9 71 1491148.3] 14.6] 209]208.0] 20.5] 269)267.7) 26.4) 
30] 29.9 81 150}149.3] 14.7] 210]209.0| 20.6] 270|268.7| 26.5 
31] 30.9 OF 151{150.3] 14.8 211]210.0| 20.7) 271|269.7| 26.6 
32] 31.8 OF 152]151.3] 14.9] 2121211.0] 20.8] 272)270.7) 26.7 
33) 32.8 «Lj 153}152.3] 15.0] 213]212.0| 20.9] 273]271.7| 26.8 
341 33.8 2) 1541153.3] 15.1] 214/213.0] 21.0] 274|272.7) 26.9 
35] 34.8 3} 155)154.3] 15.2] 215/214,0] 21.1] 275/273.7) 27.0 
36] 35.8 Af 156}155.2) 15.3) 2161215.0| 21.2] 276|274.7) 27.1 
37| 36.8 157|156.2| 15.4] 217/216.0| 21.3] 277|275.7| 27.2 
38] 37.8 -6f 158]157.2] 15.5] 2181216.9]. 21.4] 278/276.7| 27.3 
39| 38.8 4 159]158.2) 15.6] 2191217.9| 21.5] 279|277.7| 27.3 
40| 39.8 8} 1601159.2) 15.71 2201218.9| 21.6] 280|278.7| 27.4 
41] 40.8 9} 161|160.2] 15.8} 221]219.9| 21.7) 2811279.6] 27.5 
42) 41.8 0] 162]161.2} 15.91 222/220.9] 21.8} 282/280.6] 27.6 
43} 42.8 -l] 163|162.2} 16.0) 223]221.9| 21.9] 283/281.6) 27.7 
44] 43.8 24 164|163.2| 16.1] 2241229.9| 22.0] 284|262.6| 27.8 
45| 44.8 3] 1651164.2| 16.2] 2251223.9] 22.1] 285|283.6| 27.9 
46] 45.8 Al 166}165.2| 16.3] 226/224.9| 22.2] 286/284.6] 28.0 
47| 46.8 OT 167|166.2| 16.4] 2271225.9| 22.2] 287|285.6| 28.1 
48] 47.8 6] 168]167.2] 16.5] 228]226.9| 22.3] 288]|286.6] 28.2 
49| 48.8 7] 169|168.2} 16.6] 2291227.9| 22.4] 289|287.6| 28.3 
50] 49.8 81 170}169.2| 16.7] 230|228.9|. 22.5] 290|}288.6| 28.4] 
51} 50.8 J} 1714170.2| 16.8] 231]229.9| 22.6] 2911289.6] 28.5 
52) 51.7 172|171.2| 16.9] 232)230.9] 22.7] 292/290.6) 28.6 
53] 52.7 lf 173]172.2| 17.0] 233}231.9| 22.8] 293/291.6] 28.7 
54] 53.7 24 174]173.2| 17.1] 23412329.9| 22.9] 294/292.6] 28.8 
55] 54.7 Ot 175]174.2] 17.2] 235}233.9| 23.0] 295|293.6}] 28.9 
56] 55.7 AY 176/175.2| 17.3) 236]234.9| 23.1] 296}294.6] 29.0 
57| 56.7 | 1771176.1] 17.4] 2371235.9| 23.2] 297|295.6| 29.1 
58] 57.7 178}177.1| 17.4] 238]236.9| 23.3] 298]296.6| 29.2 
59] 58.7 7} 179)178.1| 17.5] 239]237.8] 23.41 299]297.6| 29.3 
60] 59.7 £8} 1801179.1| 17.6] 240/238.8] 23.51 300/298.6| 29.4 

Dist.| Dep Lat. tDist.{ Dep. | Lat. [Dist.| Dep. | Lat. IDist.| Dep. | Lat. 


for 7 4 Points. 


TABLE I. 


Difference of Latitude and Departure for 2 Point. 


ist.| Lat. 
60.3 
61.3. 
62.3 
63.3 
64.3 
65.3 
66.3 
67.3 
68.2 
69.2 
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08.9 
09.1 
09.2 
09.4 
09.5 
09.7 
09.8 
10.0 
10.1 
10.3 


70.2} 10.4 


74.2 
72.2 
7312 
74.2 
75.2 
76.2 
77.2 
78.1 
79.1 


80.1 
81. 
| 82.1 
83.1 
84.1 
85.1 
| 86.1 
87.0 
88.0 
89.0 


90.0 
91.0 
92.0] 
93.0} 
94.0 
95.0] 
95.9 
96.9 
97.9 
98.9 


99.9 


10.6 
10.7 
10.9 
11.0 
11.1 
11.3 
11.4 
11.6 
Bie 
11.9 
12.0 
12.2 
12.3 
12.5 
12.6 
12.8 
12.9 
13.1 
13.2 


13.3 
13.5 
13.6 
13.8 
aad 
14.1] 
14.2 
14.4 
14.5 
14.7 


14.8 
15.0 
15.1] 
133 
15.4 
15.5 
15.7 
15.8 
16.0 
16.1 
16.3 
16.4 
16.6 
16.7 
16.9 
17.0 
17.2 
17.3 
17.5 
17.6 


166}166.2 
169|167.2 
170|168.2 


171}169.1 
172}170.1 
173\171.1 
174/172.1 
1751173.1 
176|174.1 
177))75.1 
178)176.1 
179}177.1 
180}178.0 


25.1 
25.2 
25.4 
25.5 
25.7 
26.8 
26.0 
26.1 
26.3 
26.4 


181}179.0 
182}180.0 
183}181.0 
184}182.0 
185] 183.0 
186} 184.0 
187} 185.0 
188}186.0 
189}186.9 
190}187.9 


191}188.9 
192}189.9 
193}190.9 
194}191.9 
195}192.9 
196}193.9 
197}194.9 
198}195.9 
199)196.8 
200}197.8 


2014198.8 
202}199.8 
203}200.8 
204|201.8 
205/202.8 
206)}203.8 
207|204.8 
208}205.7 
209|206.7 
210]207.7 


ed 


215|212.7 
216}213.7 
217/214.6 
218)215.6 
219}216.6 
220|217.6 


221'218.6 
222)219.6 
223|220.6 
224/221.6 
225 |222.6 
226|223.5 
227|224.5 
228)}225.5 
229}226.5 
230)|227.5 


231)228.5 
232|229.5 
233|230.5 
234}231.5 
235|232.4 
236}233.4 
237 |234.4 
238)|235.4 
239}236.4 
240|237.4 


67 241/238.4 


242) 239.4 
243)|240.4 
244/241.4 
245/242.3 
246/243.3 
247 | 244.3 


6] 248/245.3 


249)|246.3 
250|247.3 


251)248.3 
252/249.3 
253) 250.3 
294/251.2 
255|252.2 
256} 253.2 
257|254.2 
258)/255.2 
259/|256.2 
260}257.2 


261/258.2 


6] 26212592 


32.7 
32.9 
33.0 
33.2 


263|260.1 
264}261.1 
265'262.1 
2661263.1 
2671264.) 
268]265.1 
2691266.1 
270267.1 
271/268.1 
272}269.0 
273)270.0 
274|271.0 
275(272.0 
276|273.0 
277|274.0 
2781275.0 
279|276.0 
280}277.0 


281|278.0 
282|278.9 
283|279.9 
284|280.9 
285|281.9 
286|282.9 
287 |283.9 
288|284.9 
289|285.9 


291|287.8 
292|288.8 
293|289.8 
294|290.8 
295|291.8 
296)}292.8 
297 |293.8 
298|294.8 
299}295.8 
300]296.8 


Dep. |Dist.} Lat. | Dep. |Dist.| Lat. | Dep.]|Dist.| Lat. | Dep. 


35.5 
35.7 
35.8 
35.9 
36.1 
36.2 
36.4 
36.5 
36.7 
36.6 
37.0 
37.1 
47.3 
37.4 
37.6 
37.7 
37.9 
38.0 
38.1] 
38.3 
38.4 
38.6 
38.7 
38.9 


42.7 
42.8} 
43.0 
43.1 
43.3 


ist.l Dep.| Lat. {Dist.| Dep. | Lat. [Dist.| Dep. | Lat. [Dist.| Dep. | Lat. (Dist. Dep 


for 7 ¥ Poin‘s. 


—_ 
Seong ob ON — 


— a 
L SO eee 


a 
Hoke WK 


a 
co mony 


Soc) ~) 
aoe 


bo 
NI = 


bo bo bb 
cc wm 3 


30 
31 
32 
33 


34 
35 


Se) 
SOs 


tw do ¢ 
Nokes) 


no] oe ee | 
KI|OwooOonanewnd re |] Oo 


Or Or Or Or Or 
NID Ot He OO 


58 
59 
60 


Lat. | Dep. | Dist. 


01.0 
02.0 
02.9 
03.9 
04.9 
05.9 
06.9 


00.2 
00.4 
00.6 
00.8 
01.0 
01.2 
01.4 
01.6 
01.8 
02.0 
02.1 
02.3 
02.5 
02.7 
02.9 
03.1 
03.3 
03.5 
03.7 
03.9 
04.1 
04.3 
04.5 
04.7 
04.9 
05.1 
05.3 
05.5 
05.7 
05.9 
06.0 
06.2 
06.4 
06.6 
06.8 
07.0 
07.2 
07.4 
07.6 
07.8 
08.0 
08.2 
08.4 
08.6 
08.8 


101 


Lat. 


59.8 
60.8 
61.8 
62.8 
63.7 
64.7 
65.7 
66.7 
67.7 
68.7 / 


69. 6 
70.6 
71.6 
72.6 
73.6 
74.5 
75.5 
76.5 
77.9 
78.5 
79.4 
80.4 
81.4 
82.4 
83.4 
84.3 
85.3 
86.3 
87.3 
88.3 
89.2 
90.2 
91.2 
92.2 
93.2 
94.2 
95.1 
96.1 
OF.7 
98.1 
ODit 
100.0 
103]101.0 
104}102.0 
105}103.0 
106}104.0 
107}104.9 
108}105.9 
109)106.9 
110}107.9 


111}108.9 
112/109.8 
113}110.8 
114/111.8 
115/112.8 
116}113.8 
117|114.7 
118/115.7 
119}116.7 
120]117.7 


100 


102 


Dist.| Dep. | Lat. (Dist.| Dep. 


TABLE I. 
Difference of Latitude and Departure for 1 Point. 


Dep. |Dist.| Lat. 


jb ES 
12.1 
12.3 
12.5 
12.7 
12.9 
£3.41 
13.3 
13.5 
13.7 
13.9 
14.0 
14.2 
14.4 
14.6 
14.8 
15.0 
15.2 
15.4 
15.6 
15.8 
16.0 
16.2 
16.4 
16.6 
16.8 
17.0 
17.2 
17.4 
17.6 


17.8 
18.0 
18.] 
18.3 
18.5 
18.7 
18.9 
19.1 
19.3 
19.5 


19.7) 


£959 
20.1 
20.3 
20.5 


23.4 


121)118.7 
122}119.7 
123}120.6 
124]121.6 
125]122.6 


136]133.4 
137|134.4 
138}135.3 
139}136.3 
140}137.3 
141/138.3 
142}139.3 
143}140.2 
144/141.2 
145}142.2 
146}143.2 
147|144.2 
146]145.2 
149}146.1 
150}147.1 
151]148.1 


152]149.1 
153}150.1 


154]151.0 


155]152.0 
156} 153.0 
157} 154.0 
158}155.0 
15%]155.9 
160}156.9 


161}157.9 


162|158.9 
163]159.9 
164}160.8 
165/161.8 
166|162.8 
167}163.8 
168)164.8 
169|165.7 
170}166.7 
171)167.7 
172|168.7 
173}169.7 
174} 170.7 
175|171.6 
176|172.6 
177|173.6 
178|174.6 
179|175.6 
180}176.5 


Dep.}Dist.| Lat. DS Dist.| Lat. 


23.6 
23.8 
24.0 
24.2 
24.4 
24.6 
24,8 
25.0 
yt Wy 
25.4 
25.6 
25.8 
26.0 
26.1 
26.3 
26.5 
26.7 
26.9 
ake 
27.3 


27.5 
27.7 
27.9 
28.1 
28.3 
28.9 
28.7 
28.9 
29.1 
29.3 


29.5 
29.7 
29.9 
30.0 
30.2 
30.4 
30.6 
30.8 
31.0 
31.2 


31.4 
Oly6 
31.8 
32.0 
32.2 
Bad 
32.6 
32.8 
33.0 
33.2 
33.4 
33.6 
33.8 
34.0 
oar) 
34.3 
34:5 
34.7 
34.9 
3 OFu 


181}177.5 
182}178.5 
183}179.5 
184}180.5 
185}181.4 
186|182.4 
187|183.4 
188}|184.4 
189}185.4 
190}186.3 


191}187.3 
192}188.3 
193}189.3 
194]190.3 
195|191.2 
196]192.2 
197|193.2 
198}194.2 
199}195.2 
200|196.2 


201}197.1 
202}198.1 
203|199.1 
204}200.1 
205}201.1 
206|202.0 
207|203.0 
208}204.0 
209)205.0 
210}206.0 
211|206.9 
212}|207.9 
213}208.9 
214|209.9 
215}210.9 
216|211.8 
217/212.8 
218}213.8 
219)214.8 
220/215.8 
221/|216.7 
222|217.7 
223 |218.7 
224/219.7 
225 |220.7 
226|221.7 
227 |222.6 
228|223.6 
229|224.6 
230|225.6 


2311226.6 


232|227.5 
233 |228.5 
234 |229.5 
235|230.5 
236}231.5 
237 |232.4 
238)233.4 
239|234.4 
240/235.4 


Go Go) Go to © 
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36.9 
37.1 
37.3 
37.5 
3/7 
37.8 
38.0 
38.2 
38.4 
38.6 
38.8 
39.0 
Be 
39.4 
39.6 
39.8 
40.0 
40.2 
40.4 
40.6 
40.8 
41.0 


41.2 
41.4 
41.6 
41.7 
41.9 
42.1 
42.3 
42.5 
42.7 
42.9 


43,1 


43.3 
43.5 
43.7 
43.9 
44.] 
44.3 
44.5 
44.7 
44.9 


45.1 


45.3 
45.5 
45.7 
45.8 
46.0 
46.2 
46.4 
46.6 
46.8 


241|236.4 
242|237.3 
243)}238.3 
244|239.3 
245|240.3 
246}241.3 
247|242.3 
248] 243.2 
249|244.2 
250)245.2 


2511246.2 
252|247.2 
253) 248.1 
254|249.1 
255|250.1 
256)251.1 
257|252.1 
258) 253.0 
259)}254.0 
260|255.0 


261}256.0 
262) 257.0 
263)257.9 
264|258.9 
265|259.9 
266|260.9 
267|261.9 
266|262.8 
269|263.8 
270) 264.8 
271}265.8 
272|266.8 
273)|267.8 
274|268.7 


Dep. 


47.0 
47.2 
47.4 
47.6 
47.8 
48.0 
48.2 
48.4 
48.6 
48.5 


“49.0 
49.2 
49.4 
49.6 
49.7 
49.9 
50.1 
90.3 
50.5 
50.7 


275| 269.7) 


276|270.7 
277\271.7 
276)272.7 
279|273.6 
280|274.6 


281|275.6 


282|276.6 
283|277.6 
284]|278.5 
285|279.5 
286] 280.5 
287) 281.5 


288}282.5] 


289}283.4 
290|284.4 


292|286.4 
293)|287.4 
294/288.3 
295|289.3 
296|290.3 
297|291.3 
298}292.3 
299)293.3 
300}294.2 


291}285.4 


Lat. [Dist.| Dep. | Lat. |Dist.| Dep. | Lat, [Dist. Dep.| Lat. 


for 7 Points. 


Dist.| Lat. | Dep. | Dist. 


01.0 
01.9 
02.9 
03.9 
04.9 


Dist.| Dep.| Lat. |Dist.| Dep. | Lat. |Dist. 


00.2 
00.5 


00.7]. 6 
01.0} 


01.2 


Lat. 
59.2 
60.1 
61.1 
62.1 
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TABLE I. 
Difference of Latitude and Departure for 1 } Point. 


Dep.}Dist.} Lat. |] Dep.|Dist.| Lat. | Dep. {Dist.] Lat. | Dep. 


14.8 
15.1 
15.3 
15.6 
15.8 


121/117.4 
122/118.3 
123/119.3 
124/120.3 
125/121.3 
122.2 
123.2 


125.1 
126.1 
127.1 
128.0 
129.0 
130.0 
131.0 
131.9 
£329 
138/ 133.9 
139] 134.8 
140/135.8 


141/136.8 
142}137.7 
143} 138.7 
144/}139.7 
145] 140.7 
146/141.6 
147) 142.6 
148) 143.6 
149)144.5 
150}145.5 


151/146.5 
152/147.4 
153}148.4 
154/149.4 
155/150.4 


fF 156)151.3 


157{152.3 
158 
159 


29.4 
29.6 
29.9 
30.1 
30.4 
30.6 
30.9 
31.1 
31.3 
31.6 
31.8 
32.1 
32.3 
32.6 
32.8 
33.0 
33.3 
33.5 
33.8 
34.0 
34.3 
34.5 
34.7 
35.0 
35.2 
35.5 
35.7 
36.0 
36.2 
36.5 
36.7 
36.9 
37.2 
37.4 


181}175.6 
182}176.5 
183]177.5 
184|178.5 
1651179.5 
186|180.4 
187|181.4 
188}182.4 
189/183.3 
190/184.3 


191/185.3 
192|186.2 
193|187.2 
194/188.2 
195|189.2 
196|190.1 
197|191.1 
198|192.1 
199|193.0 
200|194.0 


201}195.0 
202/195.9 
203}196.9 
204/197.9 
205}198.9 
206/199.8 
207/|200.8 
208/201.8 
209/202.7 
210/203.7 


211/204.7 
212/205.6 
213/206.6 
214|207.6 
215 |208.6 
216)209.5 
217/210.5 
218}211.5 
219|212.4 
220/213.4 


221/214.4 
222|215.4 
223/216.3 
224/217.3 
225)/218.3 
226|219.2 
227|220.2 
228/221.2 
229/222.1 
230/223.1 


231/224.1 
232|225.1 
233/226.0 
234|227.0 
235/228.0 
236|228.9 
237|229.9 
238/230.9 
239)/231.8 
240} 232.8 


.| Lat. [Dist.| Dep. 


for 6 2 Points. 


44.0 
44.2 
44.5 
44,7 
45.0 
45.2 
45.4 
45.7 
45.9 
46.2 


46.4 
46.7 
46.9 
47.1 
47.4 
47.6 
47.9 
48.1 
48.4 
48.6 


48.8 
49.1 
49.3 
49.6 
49.8 
50.1 
50.3 
50.5 
50.8 
51.0 


51.3 
51.5 
51.8 
52.0 
52.2 


58.6 
58.8 
59.0 
59.3 
59.5 
59.8 
60.0 
60.3 
60.5 
60.7 
61.0 
61.2 
61.5 
61.7 
62.0 
62.2 
62.5 
62.7 
62.9 
63.2 
63.4 
63.7 
63.9 
64.2 
64.4 
64.6 
64.9 
65.1 
65.4 
65.6 
65.9 
66.1 
66.3 
66.6 
66.8 
67.1 
67.3 
67.6 
67.8 
68.0 


68.5 
68.8 
69.0 
69.3 
69.5 
69.7 
70.0 
70.2 
70.5 
70.7 
71.0 
71.2 
71.4 
71.7 
41.9 
72.2 
72.4 
72.7 
72.9 


Difference of Latitude and Departure for 1 3 


TABLE I. 


Point. 


.| Lat. | Dep.|Dist.) Lat. | Dep. | Dist.) Lat. | Dep.{Dist.| Lat. | Dep. [Dist.} Lat. | Dep. 
. 58.4 121)115.8! 35.1} 181/173.2 30.6] 70.0 
59.3 122/116.8} 35.4] 182/174.2 70.2 
60.3 123|117.7] 35.7) 183}175.1 70.5 
61.2 124|118.7} 36.0] 184/176.1 70.8 
62.2 125/119.6| 36.3] 185|177.0 71.1 
63.2 126|120.6| 36.6] 186|178.0 A| 714 
64.1 127/121.5| 36.9] 187/179.0 4] 71,7 
65.1 128]122.5} 37.2] 188/179.9 3] 72.0 
66.0 129/123.5| 37.4] 189/180.9 31728 
67.0 130/124.4| 37.7] 190/181.8 250|239.2| 72.6 
67.9 131/125.4| 38.0] 191/182.8] 55. 72.9 
68.9 1321126.3] 38.3] 192]183.7] 55. 73.1 
69.9 133/127,3} 38.6] 193/184.7] 56. 73.4 
70.8 134|128.2} 38.9] 194/185.7} 56. 73.7 
71.8 135|129.2| 39.2] 195|186.6] 56.6 74.0 
72.7 136|130.1} 39.5] 196|187.6] 56.$ 74.3 
73.7 | 137/131.1] 39.8] 197|188.5] 57.2 74.6 
74.6} 22.6) 138/132.1] 40.1] 198/189.5| 57.5 74.9 
75.6} 22.91 139]133.0] 40.3] 199]190.4} 57. 75.2 
76.6) 23.2) 140]134.0] 40.6} 200/191.4} 58.1 75.5 
77.5| 23.5) 141|134.9| 40.9] 201|192.3; 58.4 75.8 
78.5} 23.8). 142/135.9| 41.2] 202/193. 31 58.6 76.0 
79.4} 24.1f 143/136.8] 41.5]. 203/194.3] 58.9 76.3] 
80.4 | 144/137.8] 41.8] 204/195.2] 59.2 76.6 
81.3 | 145/138.8] 42.1] 205|196.2] 59.5 76.9] 
82.3} 25.0] 146]139.7| 42.4] 206/197.1] 59.8 77.2 
83.3} 25.2 147|140.7] 42.7] 207|198.1] 60.1 77.5 
84.2} 25.5} 148/141.6] 43.0] 208/199.0| 60.4 77.8 
85.2} 25.81 149/142.6| 43.21 209/200.0] 60.7 78.1} 
86.1} 26.1} 150/143.5| 43.51 210/201.0] 61.0 78.4 
87.1| 26.4) 151/144.5| 43.8) 211/201.9] 61.2 78.7 
88.0} 26.77 152/145.5| 44.1] 212/202.9] 61.5 79.0} 
89.0} 27.0} 153/146.4| 44.4] 213/203.8] 61.8 79.2| 
90.0} 27.3) 154/147.4| 44.77 214/204.8] 62.1 79.5} 
90.9} 27.6] 155/148.3] 45.01 215|205.7] 62.4 79.8 
91.9} 27.9] 156/149.3| 45.3] 216|206.7) 62.7 80.1] 
92.8} 28.2] 157/150.2| 45.6) 217/207.7| 63.0 80.4] 
93.8 158]151.2] 45.9} 218/208.6} 63.3 80.7] 
94.7] 28.7) 159]152.2| 46.1] 219/209.6| 63.6 81.0} 
95.7| 29.0) 160/153.1| 46.4} 220/210.5| 63.9 81.3 
96.7| 29.3) 161/154.1| 46.7) 221|211.5} 64.1 81.6 
97.6} 29.6} 162)155.0| 47.0] 222|212.4) 64.4 81.9] 
98.6} 29.9) 163/156.0| 47.3] 223|213.4| 64.7 82.1 
99.5 164|156.9| 47.6] 224|214.41 65.0 82.4] 
105]100.5 165/157.9| 47.9] 225|215.3] 65.3 82.7 
106}101.4 166|158.9| 48.2] 226|216.3} 65.6 83.0 
107|102.4 167|159.8] 48.5] 227/217.2) 65.9 83.3 
108{103.4| 31.4{ 168/160.8| 48.8] 228/218.2] 66.2 83.6] 
109]104.3| 31.61 169/161.7| 49.1] 229/219.1] 66.5 83.9] 
110}105.3} 31.9} 170}162.7| 49.3] 230]/220.1] 66.8 84.2 
111|106.2 | 171/163.6| 49.6] 231/221.1| 67.0 84.5 
112]107.2| 32.5) 172/164.6| 49.9] 232|222.0) 67.3 84. 
113}108.1} 32.8) 173/165.6| 50.2] 233]/223.0] 67.6 85.0} 
114]109.1; 33,1] 174/166.5| 50.5] 234/223.9| 67.9 85.3 
5}110.1} 33.4] 175|167.5} 50.8] 235/224.9] 68.2 85.6 
116]111.0 | 176/168.4} 51.1] 236/225.8] 68.5 85.9 
117]112.0} 34.0) 177/169.4| 51.4] 237/226.8] 68.8 86.2 
118]112.9 | 178/170.3] 51.7] 238)227.8} 69.1 86.5] 
119]113.9} 34.5} 179/171.3] 52.0] 239/228.7} 69.4 86.8} 
120]114.8 180/172.3| 52.2] 240/229.7] 69.7 87.1} 
Lat. |Dist.| Dep a Dist. Dep.| Lat. [Dist.| Dep.| Lat. [Dist. Dep. Lat. | 


for 6 1 Points. 


TABLE I. 
Difference of Latitude and Departure for 1 ? Point. 


~) 
ie 
n 

co 


.| Lat, | Dep. | Dist. 


00.9} 00.3) 61 : | 121}113.9} 40.8] 181 A! 61.0} 2411226.9 
01.9} 00.7] 62 . } 122/114.9| 41.1] 182/171. 3] 242/227.8 
02.8] 01.0} 63 ‘ 2) 123/115.8| 41.4] 183/172. 6] 243/228.8 
03.8] 01.3 ; 6] 124|116.7| 41.8] 184 2} 62.0] 2441229.7 
01.7 : 9} 125/117.7| 42.1] 185 .2| 62.3) 245|230.7 

; 2] 126|118.6| 42.4] 186 P 246|231.6 

6} 127/119.6| 42.8] 187 ' 0] 247|232.6 
9) 128}120.5} 43.1] 188 ; 3] 248/233.5 
129|121.5| 43.5] 189/177. 7] 249|234.4 
130/122.4| 43.8} 190 9) 64.0) 250/235.4 


9} 131{123.3] 44.1} 191/179. 3] 251/236.3 
3] 132/124.3] 44.5} 192/180. J) 252/237.3 
.6| 133|125.2| 44.8] 193/181.7|} 65.0} 253/238.2 
134|126.2} 45.1] 194/182.7) 65.4] 254/239.1 
135|127.1] 45.5} 195|183. 7] 255}240.1 
136|128.0] 45.8] 196)184, GO} 256|241.0 
137/129.0| 46.1] 197)185. A} 257|242.0 
138|129.9] 46.5} 198)186. 71 258|242.9 
139|130.9| 46.8] 199]187.4| 67.0] 259|243.9 
140|131.8] 47.2) 200/188. Al 260/244.8 
3] 141|132.8] 47.5} 201/189.2| 67.71 261|245.7 
6} 142|133.7| 47.8] 202/190.2) 68.01 262|246.7 
143/134.6| 48.2] 203/191.1! 68.4] 263|247.6 
144|135.6] 48.5} 204/19: 7] 264|248.6 
145/136.5| 48.8] 205/193. lL} 265|249.5 
146/137.5| 49.2] 206/194. Al 266|250.4 
147/138.4| 49.5} 207|194.9| 69.7] 267/251.4| - 
| 148/139.3] 49.9] 208/195. ll 268/252.3 
0} 149/140.3] 50.2] 209/196. Al 269|253.3 
31 150/141.2| 50.5] 210|197.7| 70.7) 270|254.2 
71 -151|142.2] 50.9} 211 71.4) 2711255.2 
Of 152/143.1| 51.2) 212/199.6| 71.4) 272)256.1 
31 153/144.1] 51.5] 213/200.5| 71.8] 273|257.0 
7).154{145.0| 51.9} 214)201.5} 72.1] 2741258.0 
2.0} 1551145.9| 52.2] 215/202.4| 72.4] 275/258.9 
°1561146.9| 52.5] 216/203.4| 72.8] 276|259.9 
71 157)147.8| 52.91 217/204.3| 73.1] 277|260.8 
‘OF 158/148.8] 53.2] 218/205.3| 73.4] 278|/261.7 
31 159/149.7| 53.6] 219/206.2| 73.81 279|262.7 
71 160|150.6| 53.9] 220/207.1| 74.1] 280/263.6 
Of 161}151.6| 54.2) 221/208.1| 74.4] 281|264.6 
Af 162)152.5] 54.6] 222/209.0| 74.8] 289/265.5 
71 163}153.5| 54.9] 223 75.1] 283|266.5 
O| 164/154.4| 55.2] 224/210.9| 75.5] 284/267.4 
Al 165|155.3] 55.6] 225/211.8] 75.8] 285/268.3 
7) 1661156.3| 55.9) 226|212.8] 76.1] 286|269.3 
36.0} 167|157.2| 56.3] 227|213.7| 76.5] 287|270.2 
168}158.2| 56.6] 228/214.7| 76.8] 288/271.2 
71 169|159.1} 56.9] 229/215.6| 77.1] 289/272.1 
1] 170/160.1| 57.3] 230/216.5| 77.5] 290/273.0 


: Al 171|161.0) 57.6) 231|217.5| 77.8) 291/274.0 

112 Al 37.7) 172|161.9| 57.9] 232/218.4| 78.2} 292/274.9 
113 A} 38.11 173/162.9) 58.3} 233/219.4| 78.5] 293/275.9 
114 : 4) 174|163.8] 58.6] 234|220.3| 78.8} 294|276.8 
115 : 7) 175/164.8| 59.0] 235/221.3) 79.2). 295)277.7 
116}109.2} 39.1] 176/165.7| 59.3] 236/222.2) 79.5} 296)278.7 
117}110.2} 39.4) 177|166.6| 59.6} 237/223.1| 79.8] 297/279.6 
118}111.1] 39.7] 178)167.6; 60.0] 238/224.1} 80.2] 298)280.6|100.4 
119}112.0| 40.1] 179|168.5{ 60.3] 239|225.0| 80.5) 299/281.5/100.7 
120/113.0 A} 180|169.5) 60.6] 240)226.0) 80.8] 300/262.5/101.1 


Dist.| Dep.| Lat. (Dist.| Dep. | Lat. (Dist.! Dep.| Lat. {Dist.| Dep. Lat. |[Dist.| Dep.| Lat. 
for 6 £ Points. 


© ON HOP DOH 


TABLE I. 
Difference of Latitude and Departure for 2 Points. 


.| Lat. | Dep. {Dist.] Lat. | Dep. |Dist.| Lat. | Dep.|Dist.) Lat. | Dep. 


B81 1511139.5 


118]109.0 
119|109.9 
1201110.9 


Dist.] Dep.| Lat. {Dist.| Dep.| Lat. [Dist.! Dep. 


1311121.0 


121}111.8 
122}112.7 
123)}} 13.6 
124}114.6 
125}115.5 
126)116.4 
127}117.3 
128)118.3 
129}119.2 
130}120.1 


132}122.0 
133}122.9 
134}123.8 
135]124.7 
136} 125.7 
137|126.6 
138)127.5 
139|128.4 
140}129.3 


O| 141/130.3 


142)131.2 
143} 132.1 
1441133.0 
145}134.0 
146}134.9 
147}135.8 
146}136.7 
149)137.7 
150] 138.6 


152}140.4 
153)141.4 
154/142.3 
155}143.2 
156}144.1 
157|145.1 
158/146.0 
159} 146.9 
160}147.8 


161}148.7 
162}149.7 
163}150.6 
164/151.5 
165}152.4 
166/153.4 
167|154.3 
168}155.2 
169}156.1 
170}157.1 


171|158.0 
172}158.9 
173}159.8 
174|160.8 
175|161.7 
176}162.6 
177|163.5 
178)164.5 
179}165.4 
180}166.3 


66.6 


67.4 


68.5 


Lat. 


65.8) 
66.2) 


67.0) 


67.7] 
68.1] 


68.9} 


181/167.2 


71 182]}168.2 
ly 183}/169.1 
51 184]170.0 
8] 185]170.9 
2) 186|171.8 
6] 187|172.8 
0} 188}173.7 
Al 189]174.6 
8} 190]175.5 
-l] 191]176.5 
51 192]177.4 
9} 193]178.3 
3) 194]179.2 
71 195|180.2 
0} 196]181.1 


197)182.0 


8] 198|182.9 
21 1991183.9 


200}184.8 
201)185.7 


3] 202}186.6 


203|187.6 
204}188.5 
2051189.4 
2061190.3 
207{191.2 
208} 192.2 
209}193.1 
210}194.0 


213)196.8 


| 214)197.7 
| 215)198.6 


216}199.6 


|} 217)200.5 


218}201.4 
219|202.3 
220|203.3 
221)204.2 
222}205.1 


| 223/206.0 


224/207.0 
225|207.9 


| 226/208.8 


2271209.7 
228}210.6 
229)211.6 
230)212.5 
231/213.4 
232)214.3 
233-215.3 
234|216.2 
235|217.1 
236|218.0 
237}219.0 
238}219.9 
239} 220.8 
240|221.7 
Dist.{ Dep. 


92.2 
92.6 
93.0 
93.4 
93.8 
94.1 
94.5 
94.9 
95.3 
95.7 
~951/231.$| 96.1 
96.4 
96.8 
97.2 
97.6 
98.0 
98.4 
98.7 
99.1 
99.5 


Se ST SI 
He CO © 
Sh oO 


229.1 
230.1 


STINT ONT 
LE 
NT Go 6O 


i 


SF ST NT ST SENT 
Or He He GO OO Ge 


Sab f& ttre 


8] 211/194.9 
“f 212)195.9 


251.3]104.1] 
273|252.2|104.5 
974}253.1/104.9 
275|204.1}105,.2 
276|255.0/105.6 
2771255.9| 106.0 
278|256.8] 106.4 
279|257.8|106.8 
280|258.7|107.2 
281|259.6/107.5 
282|260.5/107.9 
983|261.5|108.3 
284|262.4/108.7 
985/263.3/109.1 
986|264.2/109.5 

265.2}109.8 
288/266.1}110.2 
289|267.0/110.6 
290|267.9|}111.0 


268.9)111.4 
292}269.8/111.7 
293|270.7/112.1 
294)271.6)112.5 
295 |272.5|112.9 
296|273.5|113.3 
297)\274.4/113.7 
298]275.3}114.0 
299}276.2|114.4 
300|277.2|114.8 


Dist.| Dep. Lat. | 
for 6 Points. 


81.5 
614 
82.3 
82.7 
83.0 
83.4 
83.8 
84.2 
84.6 
85.0 
85.3 
85.7 
86.1 
86.5 
86.9 
87.3 
87.6 
88.0 
88.4 
§8.8 
89.2 
89.6 
89.9 
90.3 
90.7 
91.1] 
91.5 
91.8 


Lat. 


Dist.| Lat. | Dep. |Dist. 


TABLE I. 
Difference of Latitude and Departure for 2 3 Points. 


13 


Lat. | Dep.|Dist.| Lat. | Dep. |Dist.} Lat. | Dep. |Dist.| Lat. | Dep. 


55.1 
62] 56.0 
57.0 
57.9 
58.8 
59.7 
60.6 
61.5 
62.4 
63.3 
64.2 
65.1 
66.0 
66.9 
67.8 
68.7 
69.6 
70.5 
71.4 
72.3 


73.2 
74.) 
75.0 
70.9 
76.8 
"GY | 
78.6 
79.6 
80.5 
81.4 


26.1 
26.5 
26.9 
27.4 
27.8 
28.2 
28.6 
29.1 
29.5 
29.9 


121}109.4 
122}110.3 
123}111.2 
124}112.1 
125}113.0 
126}113.9 
127)114.8 
128}115.7 
129/116.6 
130]117.5 


51.7] 181}163.6 
52.2] 182|164.5 
52.6] 183/165.4 
53.0] 184]166.3 
53.5] 185}167.2 
53.9} 186/168.1 
54.3] 187/169.0 
54.7] 188)169.9 
55.2] 189}170.9 
595.6} 190/171.8 


77.4) 241/217.91103.0 
77.8] 242/218.8/103.5 
78.3] 243}219.7}103.9 
78.7) 244|220.6/104.3 
79.1] 245}221.5}104.8 
79.5] 246|222.4)105.2 
80.0] 247}223.3}105.6 
80.4) 248)224.2/106.0 
80.8} 249}225.1]106.5 
81.2] 250/226.0|106.9 


a J | ff | | ——— 


30.4 
30.8 
fo) , 
31.6 
32.1 
32.5 
32.9 
33.4 
33.8 
34.2 
34.6 
39.1 
39.5 
35.9 
36.3 
36.8 
37.2 
37.6 
38.1 
38.5 


131}118.4 
132}119.3 
133]120.2 
134/121.1 
135]122.0 
136}122.9 
137}123.8 
138}124.7 
139|125.7 
140|126.6 


56.0] 191]172.7 
56.4] 192}173.6 
56.9] 193}174.5 
57.3] 194|175.4 
57.7) 195}176.3 
58.2] 196]177.2 
58.6] .197]178.1 
59.0} 198]179.0 
59.4) 199}179.9 
59.9] 200]160.8 


81.7] 251/226.9)107.3 
82.1] 252/227,8}107.8 
82.5] 253]228.7/198.2 
83.0] 254]229.6]108.6 
83.4] 255/230.5)109.0 
83.6] 256)/231.4|109.5 
84.2) 257|232.3|109.9 
84.7] 258/233.2/110.3 
85.1] 259]234.1]110.7 
85.5] 260}/235.0)111.2 


141]127.5| 60.3) 201}181.7| 85.9) 2611235.9|111.6 


142}128.4 
143]129.3 
144/130.2 
145)131.1 
146}132.0 
147|132.9 
148]133.8 
149}134.7 
150]135.6 


60.7] 202}182.6 
61.2) 203]183.5 
61.6] 204}184.4 
62.0} 205]185.3 
62.4] 206}186.2 
62.9] 207|187.1 
63.3} 208]188.0 
63.7} 209}188.9 
64.1} 210}189.8 


82.3 


lo ene oo one one oe oe 22 2) 
OoOND Oro 


minnWwodsoriv 


111 
112 
113 
114 
115 
116}104.9 
117}105.8 
118/106.7 
119}10: .6 
120)108.5 


38.9 
39.3 
39.8 
40.2 
40.6 
41.1 
41.5 
41.9 
42.3 
42.8 


43.2 
43.6 
44.0 
44.5 
44.9 
45.3 


1514136.5 
152}137.4 
153]138.3 
154]139.2 
155}140.1 
.156}141.0 
157}141.9 
158] 142.8 
159}143.7 
160|144.6 


161}145.5 
162|146.4 
163}147.3 
164{148.3 
165|149.2 
166}150.1 
167|151.0 
168}151.9 
169}152.8 
170|153.7 


173}156.4 
174|157.3 
175|158.2 
176}159.1 
177/160.0 
178|160.9 
179| 16.8 
180}162.7 


65.0] 212}191.6 
65.4] 213)192.6 
65.9} 214}193.5 
66.3] 215}194.4 
66.7] 216}195.3 
67.1} 217)196.2 
67.6] 218}197.1 
68.0] 219}198.0 
68.4} 220}198.9 


69.3} 222|200.7 
69.7] 223}201.6 
70.1] 224)202.5 
70.6) 225)203.4 
71.0] 226)204.3 
71.4] 227|205.2 
71.8} 228)206.1 
72.3] 229!207.0 
72.7) 230|207.9 


73.6] 232|209.7 


86.4] 262}236.8]112.0 
86.8] 263}237.7}112.5 
87.2] 264}238.7}112.9 
87.7] 265|239.6}113.3 
88.1] 266}240.5]113.7 
88.5] 2671241.4]114.2 
88.9] 268}242.3/114.6 
89.4] 269]243.2|115.0 
89.8] 270)244.1)115.4 


272|245.9}116.3 
273|246.8|116.7 
274|247.7)117.2 
275|248.6|117.6 
276|249.5}118.0 
277\250.4|118.4 
278)251.3}118.9 
279|252.2|119.3 
280|253.1]119.7 


90.6 
| 
91.5 
91.9 
92.4 
92.8 
93.2 
93.6 
94.1 


982|254.9|120.6 
283}255.81121.0 
234/256.7|121.4 
2851257.6}121.9 
236|258.5|122.3 
287|259.4|122.7 
988|/260.3|123.1 
289|261.3|123.6 
290|262.2|124.0 


94.9 
95.4 
95.8 
96.2 
96.6 
ak 
97. 
97.9 
98.3 


99.2] 292|264.01124.9 


74.0} 233}210.6] 99.6 
74.4) 234/211.5]100.1 
74.8] 235}212.41100.5 
75.3] 2361213.3]100.9 
75.7) 237|214.2)101.3 
76.1) 238/215.1]101.8 
76.5) 239}216.11102.2 
77.0} 240}217.0)102.6 


293|264.9}125.3 
294|265.8|125.7 
295|266.7|126.1 
296|267.6}126.6 
2971268.5|127.0 
298}269.4|127.4 
299|270.3|127.8 
300/271.21128.3 


. 3 
for 5 2 


Points. 


114 


00.9 
2} 01.8 
02.6 
03.5 
04.4 
| 05.3 
06.2 
07.1 
07.9 
08.8 


09.7 
10.6 
Li. 
12.3 
13.2 
14.1 
15.0 
15.9 
16.8 
17.6 
18.5 
19.4 
20.3 
21.2 
22.1 
| 22.9 
23.8 
24.7 
25.6 
26.5 
27.3 
28.2 
29.1 
30.0 
30.9 
31.8 
32.6 
33.5 
344 
39.3 


36.2 
37.0 
37.9 
38.8 
39.7 
40.6 
41.5 
42.3 
43.2 
44.1] 


45.0 
45.9 
46.7 
47.6 
48.5 
49.4 
50.3 
51.2 
52.0 
52.9 


Dist. Dep. | Lat. Dist. Dep.| Lat. 


00.5 
00.9 
01.4 
01.9 
02.4 
02.8 
03.3 
03.8 
04.2 
04.7 


05.2 
05.7 
06.1 
06.6 
07.1 
07.5 
08.0 
08.5 


09.0}. 


09.4 
09.9 
10.4 
10.8 
11.3 
11.8 
12.3 
12.7 
13.2 
13.7 
14.1 
14.6 
15.1 
15.6 
16.0 
16.5 
17.0 
17.4 
17.9 
18.4 
18.9 


19.3 
19.8 
20.3 
20.7 
21.2 
21.7 
22.2 
22.6 
23.1 
23.6 


24.0 
24.5 
25.0 
25.5 
25.9 
26.4 
26.9 
27.3 
27.8 
28.3 


—_———— 


TABLE I. 
Difference of Latitude and Departure for 2 1 Points. 


Lat. | Dep. {Dist.| Lat. | Dep. |Dist.} Lat. 


61 
62 
63 
64 
65 
66 
67 
68 
69 
70 


71 
72 
73 
74 
79 
76 
77 
78 
79 
80 


53.6 
54.7 
55.6 
56.4 
57.3 
58.2 
59.1 
60.0 
60.9 
61.7 
62.6 
63.5 
64.4 
65.3 
66.1 
67.0 
67.9 
68.8 
69.7 
70.6 


71.4 
72.3 
73.2 
74.1 
75.0 
75.9 
76.7 
77.6 
78.5 
79.4 


80.3 
81.1 
82.0 
82.9 
83.8 
84.7 
85.6 
86°4 
87.3 
88.2 


89.1 
90.0 
90.8 
91.7 
92.6 
93.5 
94.4 
95.3 
96.1 
97.0 


‘7 
98.8 
os 

114}100.5 
115}101.4 
116}102.3 
117|103.2 
118}104.1 
119}105.0 
120|105.8 


61 
82 
83 
84 
85 
86 
87 
88 


38.2 


28.8 
29.2 
29.7 
30.2 
30.6 
31.1 
31.6 
32.1 
32.5 
33.01 
33.5} 
33.9] 
34.4] 
34.9] 
35.4) 
35.8] 


121}106.7 
122}107.6 
123}108.5 
124/109.4 
125}110.2 
126)111.1 
127|112.0 
128}112.9 
129)113.8 
130) 114.7 


131)115.5 
132}116.4 
133]117.3 
134/118.2 
135}119.1 
136}119.9 
36.3] 137]120.8 
36.8] 138]121.7 
37.2} 139|122.6 
37.7} 140}123.5 


141|i24.4 
142}125.2 
143/126. 
144|127.0 
145|127.9 
146|128.8 
147|129.6 
148|130.5 
149]131.4 
150|132.3 
151|133.2 
152]134.1 
153]134.9 
154]135.8 
155}136.7 
156|137.6 
157|138.5 
158|139.3 
46.7) 159|140.2 
47.1] 160]141.1 


6] 161|142.0 
1} 162/142.9 
5} 163/143.8 
0} 164/144.6 
5] 165]145.5 
166|146.4 

| 167|147.3 
9] 168]148.2 
Al 169|149.0 
170|149.9 


3) 171|150.8 
2.8| 172/151.7 
| 173/152.6 
7] 174]153.5 
2) 175|154.3 
7) 176|155.2 
Ay 177|156.1 
6) 178|157.0 
1} 179]157.9 
6) 180|158.8 


[Dist. Dep. 


38.6] 
39.1] 
39.6 
40.1 
40.5 
41.0) 
41.5 
41.9] 
42.4] 
42.9) 
43.4) 
43.8] 


44.8 
45.2} 
45.7 
46.2i 


57.0) 


57.5 
58.0 
58.4 
58.9 
59.4 


59.9} 
60.3) 
60.8 


61.3 


61.7} 
62.2} 
62.7 


63.2 


63.6] 
64.1} 
64.6} 
65.0) 
65.5} 
66.0} 

66.5} 
66.9} 


67.4 
67.9 
68.3 


68.8} 


69.3 
69.8 


70.2) 


70.7 


71.2) 
71.6} 
72.1} 
72.6) 


73.1 


73.5} 
74.0) 
74.5} 


74.9 


75.4) 
75.9} 
76.4} 


76.8 


77.3] 
77.3] 
78.2 


78.7 
79.2 
79.7 


80.1} 


80.6} 
81.1] 


81.5 
82.0 


82.5} 
83.0! 


83.4 
83.9 


84.4} 
84.8} 
Lat. 


201)177.3 


181/159.6 
182/160.5 
183}161.4 
184/162.3 
185}163.2 
186|164.0 
187/164.9 
188}165.8 
189}166.7 
190}167.6 


191)168.5 
192}169.3 
193}170.2 
194]171.1 
195|172.0 
196|172.9 
197|173.7 
198}174.6 
199}175.5 
2001176.4 


202/178.2 
203}179.0 
204/179.9 
205)180.8 
206}181.7 
207|182.6 
208}183.4 
209)184.3 
210)185.2 


211}186.1 

212}187.0 

213]187.8 

214/188.7|100.9 
215}189.6}101.3 
216/190.5]101.8 
217/191.4/102.3 
218}192.3}102.8 
219}193.1]103.2 
220}194.0}103.7 


221|194.9|104.2 
222}195.8|104.6 
2231196.71105.1 
2241197.6|105.6 
225}198.4/106.1 
226}199.3}106.5 
227|200.2}107.0 
226/201.1}107.5 
229|202.0/107.9 
230|202.8/108.4 


231|203.7}108.9 
232|204.6}109.41 
233}205.5|109.8 
234/206.4}110.3 
235|207.3}110.8 
236}208.1)111.2 
2371209.0}111.7 
238]|209.9}112.2 
239|210.8]112.7 
240/211.7/113.1 


242/213.4/114.1 
243/214.3}114.6 
244/215.2/115.0 
245|216.1/115.5 
246/217.0}116.0 
247|217.8|116.4 
248/218.7/116.9 
249|219.6}117.4 
250|220.5)117.8 


251/221.4)118.3 
252|222.2|118.8 
253/223.1/119.3 
254)224.0)119.7 
255 224.9) 120.2 
256|225.8}120.7 
257|226.7| 121.1 
258|227.5|121.6 
259/228.4|122.1 
260|229.3|122.6 


261/230.2] 123.0 
262|231.11123.5 
2631231.9|124.0 


266|234.6|125.4 
267|235.5|125.9 
268)/236.4|126.3 
269) 237.2|126.8 
270)238.1|127.3 


27 1)239.0]127.7 
272|239.9|128.2 
273)240.8|128.7 
274}241.7|129.2 
275|242.5}129.6 
276|243.4/130.1 
277|244.3] 130.6 
278)}245.2)131.0 


2801246.9]132.0 


282|248.7|132.9 
2831249.6|133.4 
284|/250.5] 133.9 


287|253.1]135.3 
288|254.0|135.8 
289|254.9]136.2 


292/257 .5|137.6 
293|258.41138.1 
294) 259.3}138.6 
295|260.2|139.1 
296|261.1]139.5 
297|261.9}140.0 
298)262.8]140.5 
299|263.7|140.9 
300|264.6]141.4 


Dist.| Dep.| Lat. [Dist.| Dep.| Lat. 
for 5 2 


Points. 


o 
ae 
wn 

oF 


& CNTO Or HB OO bO | SF 


119}102.1 
120 102.9 


TABLE TI. 
Difference of Latititude and Departure for 2 3 Points. 


4 121}103.8 


122/104.6 
123/105.5 


9} 124/106.4 
Al 125)107.2 
9] 126/108.1 


127|108.9 
128}109.8 
129}110.6 
130)111.5 


131/112.4 


‘ol 132/113.2 


133}114.1 
134/114.9 
135/115.8 


At 136/116.6 
64 137}117.5 
lq 138/118.4 
64 139}119.2 
lf 140]120.1 
64 141}120.9 


142)121.8 
143}122.7 


2h 144/123.5 
74 145|124.4 


146}125.2 


7) 147|126.1 
24 148/126.9 
74 149/127.8 
3) 150|128.7 


8) 1511129.5 
3} 152]130.4 
8} 153}131.2 
3h 1541132.1 
£84 155]132.9 
34 156]133.8 
91 1571134.7 
Al 158]135.5 


159}136.4 
160}137.2 


161/138.1 
162}138.9 
163}139.8 
164/140.7 
165}141.5 


51 166|142.4 


167|143.2 
168)144.1 
169)145.0 
170}145.8 


171|146.7 


6) 172)147.5 


173|148.4 


‘61 174{149.2 


175/150.1 


6) 176)151.0 
0.1) 177/151.8 


178)152.7 
179)153.5 
180}154.4 


181}155.3} 93.0 
182}156.1] 93.6 
183}157.0| 94.1 


“71 1841157.8] 94.6 


185}158.7| 95.1 
186}159.5] 95.6 
187}160.4| 96.1 
1881161.2] 96.6 


190}163.0] 97.7 


3} 191)163.8} 98.2 
7.9) 192}164.7] 98.7 
Al 193}165.5] 99.2 
18.9} 194)166.4} 99.7 
Ay 195)167.3}100.2 


196}168.1/100.8 


Ay 197}169.0|101.3 

| 198)169.8}101.8 
51 1991170.7)102.3 
0} 200}171.5)102.8 


5} 201/172.41103.3 
3.0) 202)173.3]103.8 
5E 203]174.1}104.4 
Of 204/175.01104.9 
of 205]175.8)105.4 


2061176.7}105.9 


61 207|177.5|106.4 
1] 208]178.4]106.9 
| 209]179.3]107.4 
1] 210{180.1]108.0] 2 


6] 211]181.0}108.5 
1] 212]181.8]109.0 
7] 213]182.7]109.5 


214}183.5]110.0 
215|184.4/110.5 


2] 216|185,3]111.01 
“71 2171186 11111.6} 
‘ol 2181187.0|112.1) 


219|187.8}112.6] 
220}188.7]113.1 


8] 221)189.6]113.6! 
of 222)190.4]114.1) 


223]191.3]114.6} 
224/192.11115.2) 


8] 225]193.0]115.7| 
226|193.8|116.2} 


227|194.7|116.7 
228]195.6|117.2) 
229|196.4|117.7] 
230|197.3|118.21 


231}198.1/118.8] 


232)199.0}119.3} 


233}199.8|119.8} 


Al 234}200.7/120.3 
O| 235/201.6]120.8} 


236)202.4/121.3) 
2371203.3}121.81 


| 238)204.1|122.44 
0} 239/205.0/122.9] 


240)/205.9|123.4] 


.|Dist.| Lat. | Dep. |Dist.| Lat. | Dep. | 


6.3] 189)162.1] 97.2] ; 


bo 
Or 
(i 
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Oo 


297|254.7|1 


Or Or Or Or OF Oe 
cw Treen ateoapen es 


299|256.5|153. 
3001257.3115 


bbb YHoaHoa 


.| Lat. {Dist.| Dep. | Lat. {Dist. Dep. TRE 
for 5 + Points. 


.| Lat. | Dep. |Dist. 


OF 141 


TABLE I. 
Difference of Latitude and Departure for 3 Points. 


121/100.6 
122/101.4 
123}102.3 
124/103.1 
125/103.9 
126/104.8 
127 |105.6 


140 


142 
143 
144 
145 
146)121.4 
147|122.2 
148}123.1 
149}123.9 
150}124.7 


151)125.5 
152/126.4 
153}127.2 
154|128.0 
155]128.9 
156|129.7 
157|130.5 
158/131.4 
159|132.2 
160/133.0 


161/133.9 
162/134.7 
163/135.5 
164}136.4 
165}137.2 
166}138.0 
167|138.9 
168)139.7 
169,140.5 
170/141.3 


171)142.2 
172}143.0 
173|143.8 
174|144.7 
175|145.5 
176|146.3 
177|147.2 
178}148.0 


181)150.5|100.6 
182}151.3/101.1 
183|152.2)101.7 
184/153.0/102.2 
185}153.8/102.8 
186/154.6)103.3 
187)155.5|103.9 
188/156.3/104.4 
189)157.1|105.0 
190)158.0)105.6 


191}158.8/106.1 
192}159.6|106.7 
193)160.5}107.2 
194)161.3}107.8 
195|162.1|108.3 


196/163.0|108.9] 2 


197|163.8}109.4 
198}164.6|110.0 
199)165.5|110.6 
200)166.3})111.1 


3} 201/167.1)111.7 


202/168.0/112.2 
203/168.8)112.8 
204)169.6}113.3 


3} 205)170.4)113.9 


206/171.3}114.4 
207|172.1}115.0 
208}172.9}115.6 
209)173.8}116.1 
210}174.6/116.7 


211/175.4/117.2 
212)176.3}117.8 
213/177.1/118.3 
214/177.9/118.9 
215)178.8/119.4 
216}179.6/120.0 
217}180.4/120.6 
218/181.3/121.1 
219|182.1/121.7 
220}182.9|122.2 


221/183.7)122.8 
222)184.6/123.3 
223/185.4/123.9 
224/186.2|124.4 
225|187.1/125.0 
226|187.9|125.6 
227/188.7|126.1 
228|189.6|126.7 
229|190.4|127.2 
230|191.2)127.8 


0} 231/192.1/128.3 
3} 232/192.9|128.9 


233)193.7|129.4 
234}194.6|130.0 
235|195.4/130.6 
236|196.2)131.1 
237|197.1 
238}197.9)132. 
239}198.7|132. 
240/199.5 


Lat. | Dep. |Dist.} Lat. | Dep. |Dist.} Lat. | Dep. |Dist.| Lat. | Dep. 


241(200.41133.9 
242|201.21134.4 
2431202.0/135.0 
244|202.91135.6 
245|203.7|136.1 
204.5|136.7 
205.41137.2 
206.2|137.8 
207.01138.3 
207.9'138.9 
208.7|139.4 
209.51140.0 
3/210.4|140.6 
211.2/141.1| 
212.0|141.7 
212.9|142.2 
2137 143.6 
214.5|143.3 
215.3|143.9 
216.2|144.4 


217.0|145.0 


217,8/145.6 
263|218.7|146.1 
264|219.5/146.7 
265|220.3|147.2 
266|221.2/147.8 
267|222.0/148.3 
222.8|148.9 
223.7/149.4 
224.5/150.0 
225.3|150.6 
226.2|151.1 
227.0|151.7 
274|227.8|152.2 
275|228.6|152.8 
276|229.5|153.3 
277|230.3|153.9 
278|231.1|154.4 
279|232.0|155.0 
280}232.8]155.6 


281/233.61156.1 
282)/234.5|156.7 
283)235.3)157.2 
284/236.1/157.8 
285/237.0/158.3 
286)]237.8)158.9 
287 |238.6|159.4 
288}239.5|160.0 
289|240.3| 160.6 
290|241.1}161.1 


291/242.0|161.7 


292|242.8/162.2 
293}243.6]162.8 
294/244,.4/163.3 
295|245.3}163.9 
296|246.1|164.4 
297|246.9|165.0 
298|247.8|165.6 
299|248.6/166.1 
300}249.4|166.7 


Dist.; Dep.| Lat. |Dist.| Dep.| Lat. [Dist.| Dep. | Lat. |Dist.| Dep.| Lat. |Dist.| Dep. | Lat. 
pe LL LLL LLL 
for 5 Points. 


o 
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er 
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.| Lat. | Dep. }Dist.} Lat. Dep. Dist. 


a a ees ee 
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TABLE i. 17 
Difference of Latitude and Departure for 3 3 Points. 


Lat. | Dep. |Dist. 


1157.4]116.8 
197|158.2}117.4 
198}159.0}118.0 
199}159.8}118.5 
200|160.6}119.1 


—_| - —— | —$_ EO )] | | | J | | | | 


201/161.4]119.7 
202|162.2]120.3 


205|164.7}122.1 
206|165.5}122.7 
207|166.3]123.3 
208}167.1)123.9 
209|167.9)124.5 
210)168.71/125.1 
211)169.5/125.7] : 
212}170.3}126.3 
213}171.1]126.9 
214)171.9]127.5 


216|173.5]128.7 
218|175.11129.9 


219}175.9]130.5 
220)176.7}131.1 


a a I a i a Be fe ee ee 


221/177.5]131.7 
222/178.3}132.2 
223}179.1}132.8 
224|179.9]133.4 
225|180.71134.0 
226)181.51134.6 
227|182.3)135.2 
228)183.1]135.8 
229/183.9|136.4 
230)184.7|137.0 


168/134.9}100.1 
169}135.7/100.7 
170}136.5}101.3 


ee | | fF | | FE | | | —__ — ] ——— a ai 


gare "aed heed (<= eee —_— } ——_—_—— | —____—_——. | —____.. } -—___. | —_____} —____]_ —_____| __-__. 


171)137.3}101.9, 
172}138.1}102.5 


231|185.5]137.6 
232}186.3)138.2 
173}138.9}103.1{ 233)187.11138.8 
174/139.8}103.7) 234/187.9]139.4 
175|140.6|104.24 2% 4 

176}141.4/104.8} 236|189.6]140.6 
177|142.2}105.4) 237/190.41141.2 
178/143.0|106.0} 238}191.2]141.8 
179}143.8/106.6] 239}192.0)142.4 
180}144.6/107.2) 240|192.8 


67.9 
68.5 
69.1 
69.7 
70.3 
70.9 
FL5 


.| Lat. [Dist.| Dep. | Lat. [Dist.| Dep. Cit Dist.| Dep. Lat. | 
2 ¢ for 4 2 Points. 


18 


TABLE I. 


Difference of Latitude and Departure for 3 § Points. 


Dist.| Lat. 


00.8 
01.5 
02.3 
03.1 
03.9 
04.6 
05.4 
06.2 
07.0 
07.7 


CO ONO Or P GW b= 


10 


-—<———— | ——“€— jc ilccrce——_ —_ -ye—) — | | J] I | 


08.5 
2} 09.3 
10.1 
10.8 
11.6 
12.4 
13.1 
13.9 
14.7 
15.5 


pS 5 (eee) ee ee 


16.2 
17.0 
17.8 
18.5 
193 
| 20.1 
20.9 
21.6 
22.4 
23.2 


——__ J ff fF | Ef ff of 


24.0 
| 24.7 
25.5 
26.3 
27.1 
27.8 
28.6 
29.4 
30.1 
30.9 


| | — _., | __. J | ft | ee | J 


31.7 
32.5 
33.2 
34.0 
34.8 
35.6 
36.3 
37.1 
37.9 
38.6 


— |-————_ ] ————_ JF | | YE | | J 


39.4 
40.2 
41.0 
41.7 
42.5 
43.3 
44.) 
44.8 
45.6 
46.4 


Dep. { Dist. 


00.6 
01.3 
01.9 
02.5 
03.2 
03.8 
04.4 
05.1 
05.7 
06.3 
07.0 
07.6 
08.2 
08.9 
09.5 
10.1 
10.8 
11.4 
12.0 
12.7 


13.3 
14.0 
14.6 
15.2 
15.9 
16.5 
17.1 
17.8 
18.4 
19.0 


aOt7. 
20.3 
20.9 
21.6 
22.2 
22.8 
23.5 
24.1 
24,7 
25.4 
26.0 
26.6 
27.3 
27.9 
28.5 
29.2 
29.8 
30.4 
31.1 
31.7 


32.3 
33.0 
33.6 
34.3 
34.9 
35.5 
36.2 
36.8 
37.4 
38.1 


61 
62 
63 
64 


118 
119 
120 


Lat. | Dep.}|Dist.| Lat. | Dep. |Dist.| Lat. | Dep. |Dist.} Lat. } Dep. 


181/139.9}114.8] 241}186.3/152.9 


47.1 
47.9 
48.7 
49.5 
50.2 
51.0 
51.8 
52.6 
53.3 
54.1 


54.9 
59.7 
56.4 
57.2 
58.0 
58.7 
59.5 
60.3 
61.1 
61.8 


62.6 
63.4 
64.2 
64.9 
65.7 


)| 66.5 


67.2 
68.0 
68.8 
69.6 
70.3 
Vill 
71.9 
72.7 
73.4 
74.2 
75.0 
7517 
76.5 
77.3 


78.1 
78.8 
79.6 
80.4 
81.2 
81.9 
82.7 
83.5 
84.3 
85.0 


85.8 
86.6 
87.3 
88.1 
88.9 
89.7 
90.4 
91.2 
92.0 
92.8 


38.7 
39.3 
40.0 
40.6 
41.2 
41.9 
42.5 
43.1 
43.8 
44.4 


45.0 
45.7 
46.3 
46.9 
47.6 
48.2 
48.8 
49.5 
50.1 
50.7 


51.4 
52.0 
52.7 
53.3 
53.9 
54.6 
55.2 
59.8 
56.5 
57.1 


57.7 
58.4 
59.0 
59.6 
69.3 
60.9 
61.5 
62.2 
62.8 
63.4 


64.1 
64.7 
65.3 
66.0 
66.6 
67.2 
67.9 
68.5 
69.1 
69.8 
70.4 
71.0 
vi 
72.3 
73.0 
73.6 
74.2 
74.9 
75.5 
76.1 


12] 
122 
123 
124 
125 
126 
127 


93.5 
94.3 
95.1 
95.8 
96.6 
97.4 
98.2 
128) 98.9 
129) 99.7 
130/100.5 


131}101.3 
132}102.0 
133) 102.8 
134/103.6 
135|104.4 
136}105.1 
137/105.9 
138] 106.7 
139}107.4 
140|108.2 


142/109.8 
143}110.5 
144/111.3 
145}112.1 
146}112.9 
147|113.6 
148)114.4 
149}115.2 
150|115.9 


151}116.7 
152}117.5 
153}118.3 
154/119.0 
155]119.8 
156|120.6 
157|121.4 
158}122.1)100.2 
159)122.9)100.9 
160/123.7/101.5 


161)124.4/102.1 
162}125.2|102.8 
163)126.0|103.4 
164/126.8/104.0 
165|127.5|104.7 
166|128.3}105.3 
167|129.1|105.9 
168}129.9)106.6 
169)130.6|107.2 
170/131.4|107.8 


171)132.2}108.5 
172}133.0}109.1 
173}133.7|109.7 
174}134.5/110.4 
175}135.3}111.0 
176|136.0}111.6 
177|136.8|112.3 
178}137.6}112.9 
179|138.4|113.6 
180}139.1}114.2 


182}140.7}115.5 
183}141.5}116.1 
184) 142.2)116.7 
185}143.0/117.4 
186} 143.8|118.0 
187/144.5|118.6 
188)145.3}119.3 
189}146.1}119.9 
190)146.9}120.5 


191|147.6|121.2 
192}148.4}121.8 
193}149.2|122.4 
194}150.0/123.1 
195|150.7|123.7 
196|151.5}124.3 
197|152.3}125.0 
198)153.1|125.6 
199} 153.8}126.2 
200)154.6)126.9 


es ee) Saaeey ey,  eeeeee 


201}155.4)127.5 
202/156.1]128.1 
203}156.9}128.8 
204|157.7|129.4 
205] 158.5|130.0 
206/159.2)130.7 
207|160.0]131.3 
208}160.8]132.0 
209)161.6)132.6 
210}162.3)133.2 


211/163.1}133.9 
212}163.9}154.5 
213/164.6)135.1 
214/165.4}135.8 
215/166.2}136.4 
216/167.0}137.0 
217|167.7|137.7 
218/168.5/138.3 
219} 169.3}138.9 
220/170.1/139.6 


221/170.8|140.2 
222/171.6|140.8 
223/172.4|141.5 
224/173.1/142.1 
225/173.9|142.7 
226|174.7|143.4 
227|175.5|144.0 
228)}176.2|144.6 
229)177.0)145.3 
230|177.8)145.9 


178.6|146.5 
179.3}147.2 
180.1/147.8 
180.9|148.4 
181.7|149.1 
236|182.4|149.7 
237|183.2}150.3 
238|184.0/151.0 
239|184.7)151.6 
240/185.5|152.3 


231 
232 
233 
234 
235 


Soa —_— J | — 


242}187.1/153.5 
243/187.8]154.2 
244/188.6/154.8 
245)189.4/155.4 
246|190.2/156.1 
247|190.9}156.7 
248/191.7|157.3 
249/192.5/158.0 
250}193.2/158.6 


251/194.0/159.2) 
252/194.8/159.9] 
253)195.6/160.5 
254}196.3/161.1 
255/197.1/161.8 
256|197.9|162.4 
257|198.7|163.0 
258)199.4|163.7 
259/200.2|164.3 
260|201.0)164.9 


261|201.8/165.6 
262|202.5|166.2 
263|203.3|166.8 
264/204.1|167.5 
265 |204.8}168.1 
266|205.6/168.7 


270|208.7/171.3 
271}209.5)171.9 


2751212.6]174.5 
276|213.3|175.1| 
2771214.1|175.7| 
278/214.9|176.4 
279|215.7|177.0 
280|216.4|177.6 


281)217.2)178.3 
282)/218.0}178.9 
283/218.8}179.5 
284/219.5}180.2 


287 |221.8|182.1 
288/222.6|182.7 
289 /223.4|183.3] - 
290}224.2|184.0 


291/224.9)184.6} 
292)225.7|185.2 
293|226.5|185.9 
294/227 .3)186.5 
295/228.0|187.1 
296|228.8)187.8 
297|229.6|188.4 
298/230.41189.0 
299|231.1|189.7 
300}231.9|190.3 


ee SS ee) ee ed ee eee eee eee eee 


Dep.| Lat. {Dist.| Dep. | Lat. 


Dist.| Dep. 


Lat. (Dist. 


ist.| Dep. | Lat. |Dist.| Dep. | Lat. 


for 4 3 


Points. 


: TABLE I, 
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Difference of Latitude and Departure for 3 2 Points. 


Lat. | Dep.}Dist.| Lat. | Dep.|Dist.| Lat. | Dep. |Dist.| Lat. | Dep. 


181}134.1)121.5 
182)134.8]122.2 
183}135.6}122.9 
184/136.3}123.6 
185}137.1}124.2 
186}137.8}124.9 
187|138.6|125.6 
188}139.3)126.2 
189}140.0}126.9 
190}140.8}127.6 


241)178.6/161.8 
242}179.3)162.5 
243)}180.0)163.2 
244/180.8/163.8 
245}181.5}164.5 
246}182.3}165.2 
247}183.0}165.9 
248)}183.8}166.5 
249/184.5/167.2 
250]185.2/167.9 


_—— ff se J | | J | _——— | | | | 


191}141.5/128.3 
192}142.3]128.9 
193}143.0}129.6 
194}143.7]130.3 
195}144.5}130.9 
196}145.2}131.6 
197/146.0]132.3 
198}146.7/133.0 
199}147.4}133.6 
200) 148.2)134.3 


251)186.0/168.5 
252}186.7/169.2 
253|187.5}169.9 
254|188.2/170.6 
255}188.9)171.2 
256|189.7|171.9 
257|190.4}172.6 
258|191.2}173.2 
259}191.9}173.9 
260|192.6]174.6 


| | J] |] | -—————_ ] | — | fl ff | | 


201}148.9]135.0 
202) 149.7/135.6 
203/150.4/136.3 
204|151.1)137.0 
205}151.9}137.7 
206|152.6/138.3 
207}153.4}139.0 
208}154.1]139.7 
209}154.9]140.3 
210}155.6]141.0 


261|193.4]175.3 
262}194.1]175.9 
263|194.9/176.6 
264|195.6]177.3 
265}196.3}178.0 
266}197.1)178.6 
267|197.81179.3 
268}198.6}180.0 
269}199.3/180.6 
270)200.1/181.3 


| sy | J | 92 J | 


211}156.3}141.7 
212)157.1)142.4 
213}157.8]143.0 
214]158.6]143.7 
215}159.3}144.4 
216}160.0/145.0 
217|160.8}145.7 
218)161.5}146.4 
219}162.3}147.1 
220)163.0]147.7 


221}163.7|148.4 
222)164.5]149.1 
223|165.2|149.7 
224)166.0)150.4 
225/166.7}151.1 
226|167.4)151.8 
2271168.2|152.4 
228)168.9/153.1 
229)169.7|153.8 
230170.4}154.5 


271)200.8/182.0 
272|201.5]182.7 
273|202.3}183.3 
274}203.0]184.0 
275}203.8)184.7 
276|204.51185.3 
277 |205.2|186.0 
278|206.0|186.7 
279|206.7|187.4 
280|207.5|188.0 


281/208.2| 188.7 
282|208.9|189.4. 
283|209.7|190.0 
284/210.4]190.7. 
285/211.2}191.4 
286 )/211.9}192.1 
2871212.61192.7 
288/213.4|193.4 
289/214.1)194.1) 
290|214.9}194.7 


— |__| —<——“~ J“ |——~ ~ «| ———— i —— | “™ | mi q—€\i—€ \y Ke i I I 


Dist.} Lat. | Dep. {Dist. 

1] 00.7} 00.7 61] 45.2] 41.0] 121] 89.6] 81.3 

2} 01.5} 01.3] 62] 45.9] 41.67 122] 390.4} 81.9 

3} 02.2} 02.0} 63] 46.7] 42.3] 123} 91.1] 82.6 

4) 03.0} 02.7] 64] 47.4] 43.0] 124] 91.9] 83.3 

5} 03.7] 03.4) 65] 48.2} 43.6) 125} 92.6} 83.9 

6} 04.4} 04.0] 66) 48.9} 44.3) 126] 93.4] 84.6 

7| 05.2} 04.7) 67| 49.6] 45.09 127} 94.1] 85.3 

8} 05.9) 05.4] 68) 50.4) 45.7] 128} 94.8] 86.0 

9} 06.7} 06.0} 69) 51.1) 46.3} 129} 95.6] 86.6 
10] 07.4} 06.7} 70) 51.9] 47.0) 130) 96.3] 87.3 
11} 08.2} 07.4) 71} 52.6] 47.77 131] 97.1] 88.0 
12] 08.9] 08.1] 72] 53.3] 48.3] 132} 97.8] 88.6 
13) 09.6] 08.7] 73) 54.1] 49.0] 133] 98.5} 89.3 
14] 10.4} 09.4] 74] 54.8] 49.71 134] 99.3) 90.0 
15} 11.1) 10.1, 75) 55.6) 50.4] 135}100.0} 90.7 
16} 11.9} 10.7] 76} 56.3) 51.0] 136]100.8} 91.3 
17) 12.6) 11.4) 77) 57.0] 51.7} 137}101.5} 92.0 
18] 13.3] 12.1] 78] 57.8] 52.4) 138]102.2] 92.7 
19) 14.1] 12.8] 79} 58.5} 53.0 139]103.0} 93.3 
20) 14.8] 13.4] 80} 59.3] 53.7) 140]103.7] 94.0 
21) 15.6) 14.1] 81} 60.0] 54.47 141/104.5] 94.7 
22) 16.3) 14.8] 82) 60.8] 55.1} 142]105.2] 95.4 
23) 17.0) 15.4) 83] 61.5] 55.7] 143}106.0] 96.0 
24) 17.8] 16.1] 84] 62.2] 56.4) 144)106.7} 96.7 
25) 18.5) 16.8] 85) 63.0] 57.11 145/107.4] 97.4 
26) 19.3) 17.5] 86] 63.7] 57.7) 146]108.2} 98.0 
27) 20.0) 18.1] 87] 64.5] 58.47 147/108.9] 98.7 
28] 20.7| 18.8] 88] 65.2} 59.1] 148]109.7| 99.4 
29) 21.5) 19.5] 89) 65.9] 59.8] 149}110.4)100.1 
30] 22.2) 20.1] 90] 66.7] 60.47 150}111.1]100.7 
31} 23.0) 20.8] 91) 67.4) 61.1) 151]111.9}101.4 
32) 23.7] 21.5) 92] 68.2] 61.8) 152)112.6]102.1 
33] 24.4) 22.21 93) 68.9) 62.4] 153]113.4]102.7 
34} 25.2) 22.8] 94) 69.6] 63.1] 154/114.1]103.4 
35} 25.9] 23.5] 95] 70.4] 63.8] 155]114.8/104.1 
36] 26.7] 24.2) 96) 71.1] 64.5] 156]115.6]104.8 
37) 27.4) 24.8) 97) 71.9) 65.1} 157/116.3)105.4 
38} 28.2) 25.5} 98] 72.6) 65.8} 158}117.1)106.1 
39} 28.9) 26.2] 99) 73.3) 66.5] 159/117.8/106.8 
40| 29.6} 26.9] 100] 74.1] 67.2] 160/118.5)107.4 
41} 30.4) 27.5} 101] 74,8) 67.8} 161}119.3]108.1 
42) 31.1) 28.2} 102) 75.6] 68.5] 162)/120.0/108.8 
43) 31.9) 28.9} 103] 76.3] 69.2] 163]120.8]109.5 
44) 32.6) 29.5] 104) 77.1) 69.8] 164/121.5/110.1 
45) 33.3] 30.2} 105) 77.8] 70.5) 165)122.3/110.8 
46) 34.1) 30.9} 106} 78.5) 71.2] 166)123.0]111.5 
47| 34.8] 31.6] 107) 79.3] 71.8] 167/123.7}112.1 
48) 35.6) 32.2] 108) 80.0) 72.5] 168/124.5/112.8 
49) 36.3) 32.9] 109} 80.8} 73.2] 169)125.2)113.5 
50} 37.0} 33.6] 110] 81.5} 73.9) 170/126.0)114.2 
51] 37.8} 34.2) 111} 82.2) 74.57 171/126.7/114.8 
52] 38.5} 34.9] 112] 83.0) 75.2) 172)127.4)115.5 
53] 39.3} 35.6] 113] 83.7] 75.9] -173)128.2)116.2 
54) 40.0} 36.3] 114] 84.5] 76.5] 174/128.9/116.8 
59} 40.7) 36.9] 115) 85.2) 77.2] 175)129.7/117.5 
56] 41.5| 37.6] 116] 85.9) 77.9] 176|130.4}118.2 
57| 42.2) 38.3] 117] 86.7] 78.6] 177)131.1}118.9 
58] 43.0) 38.9} 118] 87.4] 79.2] 178/131.9/119.5 
59| 43.7) 39.6] 119) 88.2} 79.9] 179/132.6)120.2 
60) 44.5) 40.3] 120] 88.9] 80.6] 180]133.4]120.9 


2314171.2]155.1 
232}171.9}155.6 
2331172.6|156.5 
234|173.4]157.1 
235}174.1]157.8 
236}174.9}158.5 
2371175.6|159.1 


238}176.3|159.8 
239}177.1|160.5 


240|177.6}161.2 


— Sa Ff SS TS Fe, 


291/215.6/195.4 
292)216.4/196.1 
293|217.1|196.8 
294/217.8|197.4 
295|218.61198.1 
2961219.3/198.8 
297/|220.1]199.4 
298}220.8)200.1 
299|221.5]200.8 
300/222.3)201.5 


2.0.2 


for 4 4 Points. 
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Dist. peti. Dep. Dist. Lat. Dep. Dist. 


OS & Or me Se bo 


ito’ 
SS 


Difference of Latitude 


02.8} 02.8 


Wit EAE eee 


TABLE I. 


Lat. 


85.6 
86.3 
87.0 


Dep. |Dist.} Lat. 
181/128.0)128.0 


182|128.7|128.7 
183]129.4|129.4 
184}130.1}130.1 
185]130.8]130.8 
186}131.5]131.5 
187}132.2|132.2 
188} 132.9}132.9 
189]133.6| 133.6 
190] 134.3} 134.3 


—_——— | —— J | | JF | 


191(135.1|135.1 
192}135.8] 135.8 
193}136.5|136.5 
194}137.2}137.2 
195} 137.9|137.9 
196} 138.6|138.6 
197}139.3}139.3 
198}140.0}140.0 
199}140.7}140.7 
200}141.4)141.4 


and Departure for 4 Points. 


Dep.|Dist.| Lat. | Dep. 


2411170.4/170.4 


246|173.9}173.9 
2947\174.7)174.7 
248|175.41175.4 
249|176.1)176.1 
250|176.8]176.8 
79514177.5|177.5 
952|178.2]178.2 
2531178.91178.9 
254(179.6|179.6 
955|180.3)180.3 
956|181.0}181.0 
257|181.7|181.7 
258|182.4/182.4 
259|183.1)183.1 
260 183.8 8 183.8 : 


TL WNGolDAlel tT onl Seoiolceaslsl fa aadran mel oan sl fone sais clean ae 


| | | | | tt J | JF J | FE 


9971) 09.7 
100.4/100.4 
3}101.1)101.1 
4}101.8}10).8 
145}102.5)102.5 
146}103.2}103.2 
147}103.9}103.9 
148]104.7}104.7 
149}105.4}105.4 
150}106.1)106.1 


151}106.8}106.8 
152)107.5|107.5 
153}108.2]108.2 
154/108.9}108.9 
155}109.6}109.6 
156}110.3}110.3 
157}111.0}111.0 
158}111.7/111.7 
159}112.4}112.4 
160/113.1)113.1 


161{113.8]113.8 


162}114.5/114.5 
163}115.3}115.3 
164}116.0}116.0 
165}116.7}116.7 
166}117.4}117.4 
167}118.1)118.1 
168}118.8}118.8 
169}119.5)119.5 
170}120.2}120.2 


201}142.1)142.1 
202}142.8} 142.8 
203}143.5}143.5 
204}144.2}144.2 
205}145.0}145.0 
206]145.7}145.7 
207}146.4}146.4 
208}147.1}147.1 
209}147.8}147.8 
210}148.5]148.5 


211}149.2}149.2 
212}149.9}149.9 
213)150.6}150.6 
214]151.3/151.3 
215}152.0}152.0 
216}152.7|152.7 
217/153.4}153.4 
218/154.1/154.1 
219) 154.9]154.9 
220}155.6|155.6 


221|156.3|156.3 


222)157.0)157.0 
223}157.7|157.7 
2241158.4/158.4 
225}159.1}159.1 
226}159.8}159.8 
227/160.5|160.5 
228)161.2)161.2 
229}161.9}161.9 
230|162.6)162.6 


264|186.7|186.7 


265|187.4|187.4] 


266|188.1|188.1 


269|190.2|190.2 
~*~ 190, * 190. ld 


nthe 192 3 192.3 
273|193.0|193.0 
274|193.7|193.7 


277|195.9}195.9 


278|196.6|196.6} | 


279|197.3}197.3 
280|198.0}198.0 


981198. 198.7/198.7 
289|199.4}199.4 
283|200.1|200.1 
284|200.8/200.8 
985|201.5}201.5 
286|202.2|202.2 
287|202.9|202.9 
288]|203.6|203.6 
289|204.3)204.3 
ent i dak 1 des 1 


—— | — $e | § —____. | —___ ae, ———] —_—_ 
ee ee —aee 


Dist.| Dep. | Lat. [Dist.| Dep.. 


84.8 


e 


171)120.9}120.9 
172}121.6|121.6 
173}122.3}122.3 
174}123.0]123.0 
175}123.7|123.7 
176}124.4]124.4 
177}125,2|125.2 
178)125.9|125.9 
179}126.6|126.6 
180}127.3}127. 3 


2311163.3}163.3 
232]164.0| 164.0 
233|164.8}164.8 
234|165.5|165.5 
235]166.2|166.2 
236]166.9|166.9 
237|167.6)167.6 
238/168.3]168.3 
239}169.0)169.0 
240}169.7|169.7 


Lat. [Dist.| Dep. Lat. {Dist.! Dep. ‘Lat. (Dist. Dep. 


292|206.5|206.5 
993|207.2|207.2 


297|210.0}210.0 
298}210.7}210.7 
299|211.4;211.4 
300)212.1)212.1 


Lat. 


for 4 Points. 


Sac Ts RALPH LATE NEM EL CAN Sa CF 


DENT PES iOS Bp HIN RPM 


TABLE II. 
Difference of Latitude and Departure for 1°. 


121.0 
122.0 
123.0 
124.0 
5/125.0 
126.0 
127.0 
128.0 
129.0 
130.0 
131.0 
132.0 
3|133.0 
134.0 
135.0 
136.0 
137.0 


02.1 
02.1 
02.1 
02.2 
02.2 
02.2 
02.2 
02.2 
02.3 
02.5 


.| Lat. |[Dep. |Dist.)"Lat. | Dep.|Dist.| Lat. | Dep.{Dist.| Lat. 


| | J | J —c—yc— 


181/181.0 
182/182.0 
183/183.0 
184/184.0 
185|185.0 
186|186.0 
187|187.0 
188/188.0 
189}189.0 
190|190.0 


02.3) 191/191.0 


02.3 
02.3 
02.3 
02.4 
02.4 
02.4 
02.4 
02.4 
02.4 


192 
193 
194 
195 
196 
197 


192.0 
193.0 
194.0 
195.0 
196.0 
197.0 
198) 198.0 
199|199.0 
200 | 200.0 


241}241.0 
242|242.0 
243}243.0 
244)/244.0 
245}245.0 
246) 246.0 
247)|247.0 
248}248.0 
249)249.0 
250}250.0 
251)251.6 
2521252.0 
253|253.0 
254|254.0 
255|255.0 
256} 256.0 
257 |257.0 
258}258.6 
259}259.0 
260/260.0 


04.2 
04.2 
04.2 
04.3 
04.3 
04.3 
04.3 
04.3 
04.3 
04.4 


04.4 
04.4 
04.4 
04.4 
04.5 
04.5 
04.5 
04.5 
04.5 

“04.5 


—_———— eee ee ee ee es 
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————) -———— | —___] ——_ | | J 
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157| 157.0 
158) 158.0 
159) 159.0 
160/160.0 


02.5 
02.5 
02.5 
02.5 
02.5 


201|201.0 
202/202.0 
203|203.0 
204|204.0 
295/205.0 
206/206.0 
207 |207.0 


6} 208/208.0 


209}209.0 
210/210.0 


6} 211/211.0 


212|212.0 
213|213.0 
214|214.0 
215}215.0 
216/216. 
217|217.0 
218/218.0 
219|219.0 
220|220.0 


261}261.0 
262)262.0 
263}263.0 
264|264.0 
265] 265.0 
266|266.0 
267 267.0 
268]268.0 
269|269.0 
270}|270.0 


7) 2711271.0 


272|272.0 
273)273.0 
274|274.0 
275|275.0 
276|276.0 
277|277.0 
278|278.0 
279|279.0 
280)280.0 


fom) 
ri 
“NI 
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nn ee eS ee eee ees | ee eee) ee 


Dist.\’Dep. | Lat. [Dist.{ Dep.| Lat. |Dist. 


5}|105.0 
106}196.0 
107|107.0 
108)}108.0 
109}109.0 
110}110.0 


111}111.0 
112)112.0 
113}113.0 
114/114.0 
115}115.0 
116}116.0 
117}117.0 
118}118.0 
119}119.0 
120}120.0 


ooooo 
ea a a ee a 
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161)161.0 
162|162.0 
163}163.0 
164/164.0 
165} 165.0 
166) 166.0 
167|167.0 
168/}168.0 
169|169.0 
170)170.0 


171)171.0 
172|172.0 
173/173.0 
174|174.0 
175|175.0 
176|176.0 
177|177.0 
178)178.0 
179|179.0 
180}180.0 


Dep. 


221/221.0 
222|222.0 
223|223.0 
224/224.0 
225|225.0 
226|226.0 
227 |227.0 
228/228.0 
229/|229.0 
230/}230.0 
231.0 
232|232.0 
233|233.0 
234) 234.0 
235}|235.0 
236|236.0 
237|237.0 
238/238.0 
239)|239.0 
240/240.0 


Lat. |Dist.| Dep. 


281/}281.0 
282/282.0 
283)/283.0 
284/284.0 
285} 285.0 
286|286.0 
287 /|287.0 
288) 288.0 
289)289.0 
290)290.0 


291/291.0 
292)/292.0 
293 293.0 
294|294.0 
295|295.0 
296}296.0 
2971|297.0 
298}298.0 
299)299.0 
300/300.0 


Dist.| Dep. 


89°. 


TABLE I. 


Difference of Latitude and Departure for 2°. 


. | Dep.]Dist.] Lat, 


Dist.| Dep. 


1391133.9 
140|139.9 


141|140.9 
142/141.9 
143|142.9 
144|143,9 
145|144.9 
146|145.9 
147/|146 9 
148/147.9 
149|148.9 
150/149.9 


151/150.9 
152)151.9 
153}152.9 
154|153.9 
155/154.9 
156/155.9 
157/156.9 
158}157.9 
159/158.9 
160}159.9 


161|160.9 
162|161.9 
163 |162.9 
164|163.9 
165/164.9 
166}165.9 
167 |166.9 
168)167.9 
169)}168.9 
170|169.9 


171|170.9 
172)171.9 
173|172.9 
174|173.9 
175|174.9 
176/|175.9 
177|176.9 
178)177.9 
179|178.9 
180|179.9 


‘Lat. (Dist. 


Dist.| Dep.| Lat. (Dist.| Dep.| Lat. [Dist.! Dep.| Lat. (Dist. Dep.| Lat. (Dist.! Dep.! Lat. | 


Dep.|Dist.| Lat. 


04.2 
04.3 
04.3 
04.3 
04.4 
04.4 
04.4 
04.5 
04.5 
04.5 


04.6 
04.6 
04.6 
04.7 
04.7 
04.7 
04.8 
04.8 
04.9 
04.9 


04.9 
05.0 
05.0 
05.0 
05.1 
05.1 
05.1 
05.2 
05.2 
05.2 


“05.3 
05.3 
05.3 
05.4 
05.4 
05.4 
05.5 
05.5 
05.5 
05.6 


“05.6 
05.7 
05.7 
05.7 
05.8 
05.8 
05.8 
05.9 
05.9 
05.9 


06.0 
06.0 
06.0 
06.1 
06.1 
06.1 
06.2 
06.2 
06.2 
06.3 


Lat. {Dist.| Dep.| Lat. 


181 
182 
183 


180.9 
181.9 
182.9 
184/183.9 
185|184.9 
186)185.9 
187|186.9 
188)187.9 
189)188.9 
190 


191/190.9 
192/191.9 
193}192.9 
194}193.9 
195/194.9 
196}195.9 
197}196.9 
198)197.9 
199}198.9 
200/199.9 


201/200.9 
202/201.9 
203/ 202.9 
204/}203.9 
205)204.9 
206|205.9 
207|206.9 
208/207.9 
209/208.9 
210/209.9 


~211/210.9 


212/211.9 
213/212.9 
214/213.9 
215|214.9 
216/215.9 
217|216.9 
218/217.9 
219)218.9 
220)219.9 


~ 221/220.9 
222|221.9 
223|222.9 
224|223.9 


225|224.9| | 


226/225.9 
227| 226.9 


228) 227.9) 


229) 228.9 


230|229.9) 


231)230.9 
232)231.9 
233|232.9 
234|233.9 
235) 234.9 
236} 235.9 
237|236.9 
238]237.9 
239} 238.9 
240/239.9 


| Dep.[Dist Lat. 


189.9}. 


6] 279)278.6 


Dep. 
241/240.9| 08.4 


242'241.9) 08.4 
243|242.9| 08.5 


244|243.9| 08.5) 


245/|244.9) 08.6 
246/245.9| 08.6 
247 |246.8) 08.6 
248|247.8) 08.7 
249)/248.8| 08.7 
250|249.8} 08.7 


251|250.8) 08.8} 


252/251.8) 08.8 
253/252.8] 08.8 
254|253.8] 08.9 
255|254.8| 08.9 
256|255.8| 08.9 
257|256.8) 09.0 
258|257.8) 09.0 
259|258.8} 09.0 
260|259.8| 09.1 


261/260.8) 09.1 
262|261.8| 09.1 


263/|262.8] 09.2) 


264|263.8) 09.2 
265|264.8| 09.2 
266|265.8| 09.3 
267|266.8| 09.3 
268|267.8| 09.4 
269|268.8} 09.4 
270|269.8} 09.4 


271|270.8| 09.5 


276|275.8| 09.6 
277\276.8| 09.7 
278|277.8| 09.7 
09.7 
280|279.8} 09.8 


261/280.8| 09.8 
282 
283 
284 
285): 
286 
287 
288 
289 


~291|290.8 
292/291.8 
293|292.8 
294| 293.8 
295/294.8 
296 | 295.8 
297|296.8 
298|297.8 
299|298.8 
300/299.8 


Dist.| Dep. ‘Lat. 


88°. 


TABLE I. 23 | 
Difference of Latitude and Departure for 3°. | 


Dist.| Lat. | Dep.|Dist.] Lat. | Dep.|Dist.| Lat. | Dep.|Dist.| Lat. | Dep.|Dist.} Lat. | Dep. 


101}100.9 
102}101.9 
103/102.9 
104|103.9 
105|104.9 
106)105.9 
107/106.9 
108}107.9 
109/108.9 
110/109.8 


112/111.8 
113/112.8 
114/113.8 
115/114.8 
116}115.8 
117/116.8 
118)117.8 
119/118.8 
120)119.8 


121)120.8 
122)121.8 
123}122.8 
124/123.8 
125}124.8 
126}125.8 
127|126.8 
128)127.8 
129)128.8 
130}129.8 


131}130.8 
132)131.8 
133}132.8 
134|133.8 
135}134.8 
136}135.8 
137/136.8 
138/137.8 
139/138.8 
140/139.8 


141|140.8 
142}141.8 
143|142.8 
144/143.8 
145/144.8 
146/145.8 
147|146.8 
148)147.8 
149}148.8 
150}149.8 


151}150.8 
152}151.8 
153}152.8 
154]153.8 
155|154.8 
156/155.8 
157|156.8 
158]157.8 
159/158.8 
160}159.8 


162/161.8 
163}162.8 
164/163.8 
165}164.8 
166}165.8 
167|166.8 
168}167.8 
169/168.8 
170/169.8 


171/170.8 
172/171.8 
173}172.8 
174|173.8 
175|174.8 
176)175.8 
177|176.8 
178|177.8 
179|178.8 
180|179.8 


181/180.8 
182/181.8 
183}182.7 
184)183.7 
185)}184.7 
186/185.7 
187|186.7 
188}187.7 
189|188.7 
190}189.7 


191|190.7 
192|191.7 
193}192.7 
194|193.7 
195}194.7 
196}195.7 
197|196.7 
198)197.7 
199|198.7 
200|199.7 


201|200.7 
202|201.7 
203|202.7 
204/203.7 
205|204.7 
206|205.7 
207|206.7 
208)207.7 
209)208.7 
210|209.7 


211)210.7 
212)211.7 
213)/212.7 
214/213.7 
215|214.7 
216)/215.7 
217|216.7 
218)217.7 
219|218.7 
220|219.7 


221|220.7| | 


222/221.7 
223 |222.7 
224|223.7 
225 |224.7 
226|225.7 
227|226.7 
228 |227.7 
229|228.7 
230|229.7 


231)230.7 


232|231.7| 


233|232.7 
234|233.7 
235 |234.7 
236|235.7 
237)}236.7 
238) 237.7 
239|238.7 
240/239.7 


Dist. Dep. | Lat. (Dist.| Dep.| Lat. |Dist.| Dep.| Lat. {Dist.| Dep. 


241/240.7 
242|241.7 
243)|242.7 
244|243.7 
245|244.7 
246)245.7 
247|246.7 
248)247.7 
249) 248.7 
250/249.7 


251)250.7 
252|251.7 
253|252.7 
254/253.7 
255|254.7 
256|255.6 
257 |256.6 
298|257.6 
259)258.6 
260|259.6 


261|260.6 
262/261.6 
263/262.6 
264) 263.5 
265|264.6 
266/265.6 
267|266.6 
268|267.6 
269)|268.6 
270)|269.6 


271}270.6 
272|271.6 
273|272.6 
274|273.6 
275|274.6 
276)275.6 
277|276.6 
278/277.6 
279|278.6 
280|279.6 


281|280.6 
282/281.6 
283|282.6 
284/283.6 
285 |284.6 
286|285.6 
287 |286.6 
288|287.6 
289 |288.6 
290|289.6 


291(290.6 
292/291.6 
293 |292.6 
294/293.6 
295 294.6 
296|295.6 
297 |296.6 
298|297.6 
299 |298.6 
300|299.6 


Lat. {Dist.| Dep. 
87°, 
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; 24 | TABLE JU. 
Difference of Latitude and Departure for 4°. , 


181}180.6 }} 2411240.4 
08.5} 182/181,6 242|241.4| 16.9 
08.6} 183}182.6 243|242.4| 17.0 
08.6] 184/183.6 244|243.4| 17.0 
08.7) 185/184.5 244.4] 17.1 
08.8] 186)185.5 246/245.4| 17.2) | 


——- | —$— | — J | — | — 


2001199.5| 14.0] 260/259.4 


J YE | I J | I J | | - 


201|200.5 0} 261}260.4 


09.9} 202|201.5 61.4] 18.3} § 
10.0] 203/202.5} 14.2] 263/262.4] 18.3] } 
10.0] 204/203.5} 14.2] 264/263.4] 18.4) | 
10.1] 205}204.5] 14.3] 265/264.4] 18.5 
10.2] 206|205.5} 14.4] 266/265.4| 18.6 
10.3] 207/206.5 66.3] 18.6 
10.3] 208]207.5| 14.5] 268|267.3] 18.7 
10.4] 209|208.5] 14.6] 269]268.3| 18.8 
_ 30 10.5] 210/209.5] 14.6] 270|269.3) 18.8 
10.5] 211|210.5] 14. 70.3] 18.9 
10.6] 212/211.5] 14.8] 272]271.3] 19.0 


213)/212.5 9} 273)272.3 
214|213.5 9} 274|273.3 
215|214.5 ; 75|274.3 
216)215.5 A} 276|275.3 
217|216.5 ll 277/276.3 
218/217.5 2] 278|277.3 
219/218.5} 15.3] 279)278.3 
220|219.5 3] 280|279.3 


—<— | ——— J ————— | ———_———_ | ——— i— ——| ———|_— a, ee, | eS es 


221)220.5 Al 281/280.3 
222)/221.5 .5| 282/281.3 
223|222.5 6] 283/282.3 
224/223.5 6] 284|283.3 
225|224.5 7| 285/284.3 
226)|225.4 8] 286/285.3 
227|226.4 8] 287|286.3 
228/227.4 9] 288)/287.3 
229|228.4 0} 289}288.3 
230|229.4 0} 290}289.3 


9) 2311230.4| 16.1] 291|290.3 


12.0] 232|231.4 2) 292)291.3) 20.4 
12.1] 233|232.4 : 292.3) 20.4 
12.1] 234|233.4 3} 294)293.3} 20.5 
12.2} 235|234.4 A} 295|294.3} 20.6 
12.3] 236/235.4 | 296|295.3) 20.6 
12.3] 237|236.4 S| 2971296.3| 20.7 


238/237.4 -6] 298/297.3 
239)|238.4 /} 299|298.3 
240/239.4 7} 300/299.3 


oe ee ee Pe a 
——. | —— J | ——— | J] —___| — 


.| Lat. [Dist.! Dep. Lat. {Dist.| Dep.| Lat.|Dist.| Dep.| Lat. |Dist.| Dep. 
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TABLE IL. | | 
Difference of Latitude and Departure for 5°. 


Dist.| Lat. | Dep.|Dist.} Lat. | Dep.}Dist.| Lat. | Dep. |Dist:| Lat. | Dep. |Dist.} Lat. 


ef ft ft ft ft p ET og oat Sena ey (Ae Me x 


61| 60.8} 05.3) 121|120.5} 10.5 
05.4] 122]121.5] 10.6 
05.5] 123}122.5| 10.7 
05.6] 124]123.5] 10.8 
05.7 125}124.5) 10.9 
05.8} 126]125.5} 11.0 
05.8] 127|126.5] 11.1 
05.9} 128]127.5} 11.2 
06.0] 129]128.5| 11.2 
06.1] 130]129.5) 11.3 


Soe ESE, eee eee ee eee ee ee ee ee es ae ey ee eee 


06.2] 131)130.5} 11.4 
06.3] 132)131.5} 11.5 
06.4} 133]132.5] 11.6 
06.4] 134}133.5) 11.7 
06.5} 135]134.5] 11.8 
06.6] 136)135.5} 11.9 
06.7} 137}136.5} 11.9 
06.8} 138)137.5} 12.0 
06.9} 139}138.5} 12.1 
07.0} 140)139.5} 12.2 


| sg sf | J — 


07.1] 141/140.5) 12.3 
07.1] 142/141.5) 12.4 
07.2) 143]142.5) 12.5 
07.3} 144/143.5| 12.6 
07.4] 145}144.4] 12.6 
07.5) 146}145.4] 12.7 
07.6] 147)146.4} 12.8 
07.7] 148|147.4) 12.9 
07.8] 149}148.4] 13.0 
07.8} 150)149.4] 13.1 


ee ee ee EE Ee EEE ee ny amet) (emer ee eee pee poe eae 


07.9] 1514150.4] 13.2 
08.0} 152}151.4] 13.2 
08.1} 153]152.4] 13.3 
08.2} 154]153.4] 13.4 
08.3] 155}154.4] 13.5 
08.4] 156]155.4] 13.6 
08.5} 157|156.4] 13.7 
; 08.5] 158]157.4] 13.8 
99) 98.6| 08.6] 159)158.4] 13.9 
100} 99.6] 08.7) 160)159.4] 13.9 


101)100.6] 08.8] 161)160.4} 14.0 
102}101.6} 08.9] 162)161.4] 14.1 
103}102.6] 09.0} 163)162.4) 14.2 
104}103.6) 09.1] 164]163.4| 14.3 
105}104.6] 09.2] 165|164.4) 14.4 
106}105.6) 09.2] 166)165.4| 14.5 
107|106.6| 09.3} 167|166.4) 14.6 
108}107.6| 09.4] 168]167.4| 14.6 
109}108.6} 09.5} 169}168.4| 14.7 
110}109.6] 09.6] 170)169.4] 14.8 


111|110.6| 09.7] 171/170.3} 14.9] 231]230.1 ~291}289.9] 25.4 
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09.7| 171}170.3] 14.9 
09.8} 172}171.3] 15.0 
09.8} 173}172.3) 15.1 
09.9} 174]173.3) 15.2 
3) 15.3 
3} 15.3 
3} 15.4 
3 


115}114.6 
116}115.6 
117|116.6 
118}117.6 15.5 
119}118.5 3] 15.6 
120}119.5} 10.5) 180]179.3) 15.7 


Dist.| Dep. | Lat. |/Dist.| Dep.| Lat. {Dist.| Dep.| Lat. [Dist.| Dep. 


Lat. | Dep. | Dist. 


01.0 
02.0 
03.0 
04.0 
05.0 
06.0 
07.0 
08.0 
09.0 
09.9 


10.9 
11.9 
12.9 
13.9 
14.9 
15.9 
16.9 
17.9 
18.9 
19.9 


20.9 
21,9 
22.9 
23.9 
24.9 
25.9 
26.9 
27.8 
28.8 
29.8 


30.8 
31.8 
32.8 
33.8 
34.8 
35.8 
36.8 
37.8 
38.8 
39.8 


40.8 
41.8 
42.8 
43.8 
44.8 
45.7 
46.7 
47.7 
48.7 
49.7 


50.7 
51.7 
52.7 
53.7 
54.7 
55.7 
56.7 
57.7 
58.7 
59.7 


© CONT OR © DH — 


00.1 
00.2 
00.3 
00.4 
00.5 
00.6 
00.7 
00.8 
00.9 
01.0 


01.1 
01.3 
01.4 
01.5 
01.6 
01.7 
01.8 
01.9 
02.0 
02.1 


02.2 
02.3 
02.4 
02.5 
02.6 
02.7 
02.8 
02.9 
03.0 
03.1 
03.2 
03.3 
03.4 
03.6 
03.7 
03.8 
03.9 
04.0 
04.1 
04.2 
04.3 
04.4 
04.5 
04.6 
04,7 
04.8 
04.9 
05.0 
05.1 
05.2 


05.3 
05.4 
05.5 
05.6 
05.7 
05.9 
06.0 
06.1 
06.2 
06.3 


60.7 
61.7 
62.7 
63.6 
64.6 
65.6 
66.6 
67.6 
68.6 
69.6 


70.6 
71.6 
72.6 
73.6 
74.6 
75.6 
76.6 
77.6 
78.6 
79.6 
80.6 
81.6 
82.5 
83.5 
84.5 
85.5 
86.5 
87.5 
88.5 
89.5 


90.5 
91.5 
92.5 
93.5 
94.5 
95.5 
96.5 
97.5 
98.5 
99.5 


101}100.4 
102}101.4 
103}102.4 
104}103.4 
105}104.4 
106}105.4 
107}106.4 
108}107.4 
109}108.4 
110}109.4 


111}110.4 
112}111.4 
113}112.4 
114}113.4 
115}114.4 
116}115.4 
117}116.4 
118}117.4 
119}118.3 
120}119.3 


61 
62 


06.4 
06.5 
06.6 
06.7 
06.8 
06.9 
07.0 
07.1 
07.2 
07.3 


07.4 
07.5 
07.6 
07.7 
07.8 
07.9 
08.0 
08.2 
08.3 
08.4 


08.5 
08.6 
08.7 
08.8 
08.9 
09.0 
09.1 
09.2 
09.3 
09.4 


09.5 
09.6 
09.7 
09.8 
09.9 
10.0 
10.1 
10.2 
10.3 
10.5 


10.6 
10.7 
10.8 
10.9 
11.0 
11.1 
11.2 
11.3 
11.4 
115 


11.6 
11.7 
11.8 
1i:9 
12.0 
12.1 
12.2 
12.3 
12.4 
12.5 


TABLE II. 
Difference of Latitude and Departure for 6°. 


121}120.3 
122}121.3 
123)}122.3 
124}123.3 
125}124.3 
126}125.3 
127/126.3 
128}127.3 
129}128.3 
130}129.3 


131)130.3 
132}131.3 
133]132.3 
134/133.3 
135}134.3 
136}135.3 
137|136.2 
138}137.2 
139]138.2 
140/139.2 


141/140.2 
142}141.2 
143}142.2 
144/143.2 
145}144.2 
146}145.2 
147|146.2 
148)}147.2 
149}148.2 
150}149.2 


151/150.2 
152}151.2 
153] 152.2 
154]153.2 
155|154.2 
156]155.1 
157|156.1 
158)157.1 
159}158.1 
160)159.1 


161}160.1 
162}161.1 
163}162.1 
164/163.1 
165}164.1 
166}165.1 
167|166.1 
168]167.1 
169}168.1 
170|169.1 


171}170.1 
172}171.1 
173}172.1 
174}173.0 
175]174.0 
176}175.0 
177|176.0 
178)177.0 
179}178.0 
180|179.0 


Dist.| Dep. | Lat. |Dist.| Dep.| Lat. |Dist.| Dep. 


12.6 
12.8 
12.9 
13.0 
13.1 
13.2 
13.3 
13.4 
13.5 
13.6 


13.7 
13.8 
13.9 
14.0 
14,1 
14.2 
14.3 
14.4 
14.5 
14.6 


14.7 
14.8 
14.9 
15.1 
15.2 
15.3 
15.4 
15.5 
15.6 
15.7 


15.8 
15.9 
16.0 
16.1 
16.2 
16.3 
16.4 
16.5 
16.6 
16.7 


16.8 
16.9 
17.0 
17.1 
17.2 
17.4 
17.5 
17.6 
Wie 
17.8 


17.9 
18.0 
18.1 
18.2 
18.3 
18.4 
18.5 
18.6 
18.7 
18.8 


181}180.0 
182}181.0 
183}182.0 
184/183.0 
185) 184.0 
186] 185.0 
187|186.0 
188}187.0 
189}188.0 
190}189.0 


191}190.0 
192}190.9 
193}191.9 
194}192.9 
195}193.9 
196)194.9 
197}195.9 
198}196.9 
199}197.9 
200}198.9 


201}199.9 
202}200.9 
203}201.9 
204)202.9 
205|203.9 
206|204.9 
207|205.9 
208}206.9 
209}207.9 
210}208.8 


211}]209.8 
212)210.8 
213/211.8 
214/212.8 
215)213.8 
216}214.8 
217|215.8 
218)/216.8 
219}217.8 
220|218.8 


221/219.8 
222)220.8 
223)221.8 
224|222.8 


2251223.8) 


226|224.8 
227|225.8 
226|226.8 
229) 227.7 
230|228.7 


231|229.7 
232|230.7 
233)}231.7 
234/232.7 
235|233.7 
236|234.7 
237|235.7 
238|236.7 
239|237.7 
240/238.7 


Lat. jDist.| Dep.| Lat. (Dist.| Dep.| Lat. 


18.9 
19.0 
19.1 
19.2 
19.3 
19.4 
19.5 
19.7 
19.8 
19.9 
20.0 
20.1 
20,2 
20.3 
20.4 
20.5 
20.6 
20.7 
20.8 
20.9 


21.0 
21.1 
21.2 
21.3 
21,4 
21.5 
21.6 
21.7 
21.8 
22.0 


22.1 
22.2 
22.3 
22.4 
22.5 
22.6 
22.7 
22.8 
22.9 
23.0 


23.1 
23.2 
23.3 
23.4 
23.5 
23.6 
23.7 
23.8 
23.9 
24.0 


24.1 
24.3 
24.4 
24.5 
24.6 
24.7 
24.8 
24.9 
25.0 
25.1 


250|248.6 


251}249.6 
252|250.6 


258)256.6 


261)259.6 


2792778 


84°. 


Lat. | Dep. {Dist.| Lat. | Dep.|Dist.} Lat. | Dep. |Dist.| Lat. | Dep. 


25.2 
25.3 
25.4 
25.5 
25.6 
25.7 
25.8 
25.9 
26.0 
26.1 
26.2 
26.3 
26.4 
26.6 
26.7 
26.8 
26.9 
27.0 
27.1 
27.2 


27.3 
27.4 
27.5 
27.6 
27.7 
27.8 
27.9 
28.0 
28.1 
28.2 


28.4 
28.5 
28.6 
28.7 
28.8 
29.0 
29.1] 
29.2 
29.3 
29.4 
29.5 
29.6 
29.7 
29.8 
29.9 
30.0 
30.1 
30.2 
30.3 
30.4 
30.5 
30.6 
30.7 
30.8 
30.9 
31.0 
31.1] 
31.3} 
31.4 


TABLE II. bys 
Difference of Latitude and Departure for 7°. 


Dist.| Lat, | Dep.JDist.} Lat. | Dep.]Dist.| Lat. | Dep. Dist.| Lat. | Dep.{Dist.| Lat. Dep. 


a a a ff a | —_ 


1] 01.0] 00.1] 61) 60.5} 07.4) 121/120.1) 14.7] 181)179.7| 22.1] 241}239.2! 29.4 
2} 02.0]; 00.2} 62] 61.5) 07.6] 122/121.1} 14.9] 182}180.6| 22.2) 242 240.2| 29.5 
3| 03.0] 00.4 63) 62.5) 07.7] 123/122.1} 15.0] 183/181.6| 22.3] 243/241.2| 29.6 
4| 04.0} 00.5] 64) 63.5] 07.87 124/123.1) 15.1] 184/182.6) 22.4) 244/242.2| 29.7 
5} 05.0} 00.67 65) 64.5) 07.9] 125)124,1} 15.2] 185/183.6) 22.5] 245/243.2) 29.9 
6| 06.0] 00.7] 66} 65.5} 08.07 126/125.1} 15.4] 186)184.6) 22.7) 246|244.2] 30.0 
7 
8 
9 


06.9} 00.9) 67) 66.5) 08.27 127|126.1) 15.5] 1871185.6) 22.8) 247/245.2) 30.1 
07.9] 01.0] 68}.67.5) 08.3) 128/127.0| 15.6] 188)186.6] 22.9] 248/246.2| 30.2 

9} 08.9} O1.1f 69) 68.5) 08.47 129)128.0| 15.7] 189]187.6| 23.0] 249/247.1| 30.3 
10} 09.9} 01.2) 70) 69.5) 08.5] 130/129.0) 15.8] 190)188.6| 23.2] 250/248.1) 30.5 


11| 10.9} 01.3) 71) 70.5; 08.7] 131)130.0} 16.0]. 191)189.6) 23.3] 251/249.1| 30.6 
12} 11.9} 01.5) 72) 71.5} 08.8] 132)131.0} 16.1} 192/190.6| 23.4] 252/250.1) 30.7 
13] 12.9} 01.6] 73) 72.5) 08.9} 133)132.0| 16.2] 193/191.6) 23.5} 253/251-1| 30.8 
14] 13.9} 01.7] 74] 73.4) 09.0} 134/133.0} 16.3] 194)192.6) 23.6] 254/252.1] 31.0 
15} 14.9} 01.8} 75} 74.4) 09.1] 135)134.0| 16.5] 195)193.5| 23.8] 255/253.1} 31.1 
16} 15.9} 01.9] 76} 75.4) 09.3) 136)135.0) 16.6] 196)194.5| 23.9] 256|254.1| 31.2 
17| 16.9} 02.1] 77| 76.4) 09.4] 137/136.0} 16.7] 197|195.5| 24.0] 257/255.1! 31.3 
18} 17.9] 02.2] 78} 77.4) 09.5) 138/137.0| 16.8] 198/196.5| 24.1] 258/256.1| 31.4 
19} 18.9] 02.3} 79) 78.4) 09.6] 139)138.0| 16.9] 199)197.5}| 24.3] 2591257.1| 31.6 
20} 19.9| 02.4] 80] 79.4) 09.77 140)139.0) 17.1} 200/198.5| 24.4] 260/258.1) 31.7 


ee Of | | | | | YY | | 


91| 20.8] 02.6] 81} 80.4) 09.9} 141|139.9| 17.2] 201]199.5| 24.5] 2611259.1| 31.8 
92| 21.8] 02.7] 82] 81.4] 10.0] 142/140.9] 17.3] 202/200.5| 24.6] 262/260.0| 31.9 
23| 22.8] 02.8] 83] 82.4| 10.1) 143/141.9) 17.4] 203/201.5| 24.7] 263/261.0| 32.1 
24| 23.8] 02.9] 84] 83.4] 10.2] 144/142.9] 17.5] 204|202.5| 24.9] 264|262.0| 32.2). 
25| 24.8] 03.0] 85} 84.4] 10.4] 145/143.9] 17.7] 205/203.5| 25.0] 265/263.0| 32.3 
26| 25.8] 03.2] 86] 85.4] 10.5] 146/144.9| 17.8] 206/204.5| 25.11 266/264.0| 32.4 
27| 26.81 03.3) 87| 86.4| 10.6] 147/145.9| 17.9] 207|205.5| 25.2] 267/265.0| 32.5 
98| 27.8] 03.41 88] 87.3] 10.7] 148/146.9| 18.0] 208/206.4| 25.3] 268/266.0| 32.7 
29| 28:8] 03.5] 89] 88.3] 10.8] 149/147.9] 18.2] 209|207.4| 25.5] 269/267.0| 32.8 
30| 29.8] 03.7) 90} 89.3] 11.0] 150/148.9| 18.3] 210/208.4] 25.6] 270/268.0| 32.9 


Ce ee en ee ey ey eee es | ee 


31) 30.8] 03.8} 91] 90.3} 11.1] 151)149.9} 18.4) 211)209.4] 25.7] 2711269.0| 33.0 
32] 31.8] 03.9} 92) 91.3) 11.2% 152)150.9| 18.5] 212/210.4) 25.8] 272/270.0} 33.1 
33} 32.81 04.0} 93] 92.3) 11.3] 153)151.9) 18.6] 213)211.4) 26.0] 273/271.0| 33.3 
34| 33.7] 04.1] 94] 93.3} 11.5) 154/152.9) 18.8) 214)212.4) 26.1] 274/272.0| 33.4 
35| 34.7] 04.3] 95} 94.3] 11.6] 155/153.8} 18.9] 215/213.4) 26.2] 275|273.0| 33.5 
36| 35.7| 04.4] 96} 95.3] 11.7] 156)154.8} 19.0] 216)214.4) 26.3] 276|273.9| 33.6 
37| 36.7| 04.51 97) 96.3] 11.8] 157/155.8} 19.1 217/215.4| 26.4] 277|274.9| 33.8 
38] 37.7| 04.6] 98] 97.3} 11.9] 158)156.8} 19.3] 218/216.4| 26.6] 278)275.9| 33.9 
39| 38.7| 04.8] 99] 98.3] 12.1] 159|157.8) 19.4) 219|217.4| 26.7) 279)276.9| 34.0 
40} 39.7| 04.9] 100} 99.3] 12.2] 160/158.8} 19.5] 220/218.4| 26.8] 280)277.9| 34.1 


ef | | ——— J 


41| 40.7| 05.0) 101/100.2| 12.3] 161|159.8| 19.6] 221/219.4| 26.9] 281/278.9] 34.2 
42| 41.7) 05.1] 102/101.2| 12.4] 162/160.8| 19.7] 222/220.3| 27.11 2821279.9] 34.4 
43) 42.7| 05.2) 103/102.2| 12.6] 163/161.8} 19.9] 223/221.3] 27.2] 283/280.9| 34.5 
44| 43.7] 05.41 104{103.2] 12.7] 164/162.8] 20.0] 224)/222.3} 27.3] 2841281.9] 34.6 
45| 44.7| 05.5) 105/104.2] 12.8] 165/163.8] 20.1] 225|223.3] 27.4] 285/282.9| 34.7 
46| 45.7| 05.6) 106|105.2| 12.9] 166|164.8] 20.2] 226|224.3] 27.5] 286/283.9| 34.9 
47| 46.6| 05.7) 107|106.2| 13.0] 167/165.8| 20.4] 227|225.3| 27.7] 287/284.9| 35.0 
48| 47.6| 05.8} 108|107.2| 13.2] 168|166.7| 20.5] 228|226.3] 27.8] 288/285.9| 35.1 
49| 48.6| 06.0} 109]108.2| 13.3] 169|167.7| 20.6] 229|227.3| 27.9] 289/286.8] 35.2 
50! 49.6] 06.11 110]109.2| 13.4] 170/168.7| 20.71 230|228.3] 28.0] 290/287.8) 35.3 


ef ce fF | 


511 50.6] 06.2} 111]110.2) 13.5] 171/169.7) 20.8] 231/229.3| 28.2] 291/288.8) 35.5 
52) 51.6; 06.3) 112)111.2) 13.6} 172/170.7| 21.0] 232)230.3) 28.3} 292/289.8} 35.6 
53| 52.6) 06.5) 113]112.2} 13.8] 173)171.7| 21.1] 233/231.3) 28.4] 293)290.8} 35.7 
54| 53.6] 06.6] 114]113.2} 13.9] 174)172.7| 21.2] 234/232.3| 28.5) 294/291.8} 35.8 
55| 54.6) 06.7] 115}114.1) 14.0] 175)173.7| 21.3) 235|233.2| 28.6] 295/292.8) 36.0 
56| 55.6] 06.8] 116]115.1| 14.1] 176/174.7| 21.4] 236|234.2) 28.8] 296)293.8| 36.1 
57| 56.6| 06.9] 117|116.1| 14.3] 177|175.7) 21.6] 237|235.2| 28.9] 297|294.8} 36.2 
58) 57.6) 07.1] 118|117.1| 14.4] 178)176.7| 21.7) 238/236.2| 29.0] 298/295.8) 36.3 
59] 58.6] 07.2] 119}118.1| 14.5} 179|177.7| 21.8] 239|237.2| 29.1] 299)296.8| 36.4 
60| 59.6) 07.3) 120}119.1| 14.6] 180)178.7| 21.9] 240|238.2| 29.2] 300)297.8| 36.6 


i sft Ff 


Dist. Dep.| Lat. [Dist. Dep.| Lat. }Dist.| Dep.| Lat. {Dist.| Dep.| Lat. [Dist. Dep. Lat. 
830°, 
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28 TABLE II. 
Difference of Latitude and Departure for 8°, 


Dist.| Lat. | Dep.|Dist.| Lat. | Dep.|Dist.| Lat. | Dep.]|Dist.} Lat. | Dep.{ Dist.) Lat. 1p 


—— | —————_ J. J | SY J SY ff EE SE | 


1} 01.0} 00.1) 61} 60.4] 08.5] 121]119.8] 16.8} 181]179.2) 25.2) 241/238.7 
2} 02.0} 00.3] 62] 61.4] 08.67 122}/120.8) 17.0] 182]180.2| 25.3] 242}239.6 
3} 03.0} 00.4] 63] 62.4) 08.8f 123}121.8] 17.1] 183}181.2} 25.5} 243)/240.6 
4} 04.0} 00.6] 64] 63.4] 08.9] 124]122.8} 17.3] 184]182.2) 25.6] 244|241.6 
5} 05.0} 00.7] 65] 64.4] 09.0] 125]/123.8] 17.47 185}183.2| 25.7] 245|242.6 
6| 05.9] 00.8] 66} 65.4] 09.2] 126)124.8) 17.5] 186]184.2| 25.9 
7 
8 


No No) 
_~ 
ND 
bo bo 
ee 
me 
orp) 


06.9} 01.0] 67} 66.3} 09.3] 127}125.8] 17.7} 187}185.2) 26.0 
07.9} 01.1) 68] 67.3] 09.5} 128]126.8] 17.8} 188)186.2) 26.2} 248/245.6 
9] 08.9} 01.3] 69] 68.3} 09.6] 129]127.7| 18.0] 189]187.2| 26.3] 249|246.6 
10} 09.9} 01.4] 70} 69.3] 09.7] 130]128.7) 18.1] 190]188.2} 26.4} 250|247.6 


11| 10.9 129.7| 18.2] 1911189.1| 26.6] 251/248.6 


01.5] 71] 70.3! 09.91 131}129.7| 18.2] 191}189.1] 26.6] 251/248.6 
12] 11.9} 01.7) 72] 71.3} 10.04 132/130.7] 18.41 1921190.1] 26.7] 252/249.5 
13} 12.9] 01.8] 73] 72.3} 10.24 133]131.7] 18.5] 193]191.1] 26.9] 253)/250.5 
14] 13.9] 01.9] 74] 73.3} 10.3} 134/132.7] 18.6] 194}192.1| 27.0] 254/251.5 
15| 14.9] 02.1] 75} 74.3] 10.44 135/133.7| 18.8] 195]193.1| 27.1] 255/252.5 
16] 15.8} 02.2] 76] 75.3] 10.6} 136/134.7| 18.9] 196]194.1] 27.3] 256/253.5 
17| 16.8] 02.4) 77) 76.3) 10.71 137|135.7} 19.1] 197}195.1] 27.4] 257|254.5 
18] 17.8} 02.5] 78] 77.2] 10.9) 138]136.7} 19.21 1981196.1| 27.6] 258/255.5 
19] 18.8} 02.6} 79| 78.2] 11.0} 139]137.7] 19.31 199}197.1] 27.7) 259|256.5 
20} 19.8} 02.8] go} 79.2] 11.1} 140/138.6} 19.5] 200]198.1| 27.8] 260|257.5 


21} 20.8} 02.9] 81} 80.2} 11.34 141]139.6] 19.6] 201}199.0] 28.0) 261/258.5 

22} 21.8] 03.1] ga] 81.2] 11.41 142/140.6] 19.8] 202/200.0] 28.1] 262/259.5 
23| 22.8) 03.2] 83} 82.2} 11.6] 143]141.6] 19.9} 203/201.0] 28.3) 263/260.4 
24| 23.8] 03.3] 84] 83.2] 11.71 144/142.6] 20.0] 204/202.0] 28.4] 264/261.4 
25| 24.8] 03.5} 95] 84.2] 11.81 -445/143.6] 20.2] 205/203.0] 28.5] 265|262.4 
26| 25.7] 03.6] 36| 85.2) 12.0} 146/144.6] 20.3] 206]204.0} 28.7] 266|263.4 
27| 26.7| 03.8] 97] 86.2] 12.44 147]145.6] 20.5] 207/205.0| 28.8} 267/264.4 
28| 27.7) 03.9] gg} 87.1] 12.2] 148]146.6] 20.6] 2081206.0| 28.91 2681265.4 


29| 28.7] 04.0] gg] 88.1] 12.4] 149]147.5] 20.7] 2091/207.0| 29.1] 269|266.4 
30] 29.7] 04.2} 90] 89.1] 12.5] 150]148.5] 20.9] 210}208.0} 29.21 270|267.4 
31] 30.7] 04.3] 91) 90.1] 12.71 1511149.5] 21.0] 2111208.9] 29.4] 271/268.4 
32! 31.7] 04.5) 92] 91.1} 12.87 152]150.5| 21.2] 212/209.9| 29.5] 2721269.4 
33| 32.7] 04.6f 93] 92.1] 12.9] 153}151.5} 21.3] 213]/210.9] 29.6] 273/270.3 
34] 33.7] 04.7] 94] 93.1] 13.1 154]152.5] 21.4] 214]211.9| 29.81 2741271.3 
35) 34.7] 04.9] 95] 94.1] 13.21 155)153.5] 21.6] 2151212.9] 29.9] 275|272.3 
36| 35.6] 05.0] 96] 95.1] 13.4] 156]154.5] 21.7] 216/213.9] 30.1] 276|273.3 
37| 36.6} 05.1] 97] 96.1] 13.5] 157}155.5] 21.9} 217/214.9] 30.2] 277|274.3 
38] 37.6] 05.3} 98] 97.0] 13.6) 158]156.5! 22.0] 2181215.9| 30.3] 2781275.3 


39| 38.6] 05.47 99] 98.0] 13.8} 159]157.5] 22.1] 219]216.9] 30.5] 279/276.3 
40| 39.6] 05.6] 100} 99.6] 13.9] 160]158.4] 22.3] 220/217.9] 30.6] 280|277.3 


41| 40.6] 05.7] 101}100.0| 14.1) 1611159.4] 22.4] 221]218.8] 30.8] 2811278.3 
42} 41.6] 05.8} 102]101.0] 14.2] 162/160.4| 22.5] 2221219.8] 30.9] 2821279.3 
43} 42.6] 06.0} 103}102.0| 14.3) 1631161.4] 22.7] 223|220.8] 31.0] 283!280.2 
A44| 43.6] 06.1] 104}103.0| 14.5] 164]162.4] 22.8] 224]221.8] 31.2] 2841281.2 
45| 44.6] 06.3] 105]104.0] 14.6} 165/163.4| 23.0] 225/222.8] 31.3] 285|282.2 
46} 45.6] 06.4} 106|105.0| 14.81 166]164.4] 23.1] 226]223.8] 31.5] 286/283.2 
47| 46.5} 06.5} 107}106.0] 14.9] 167|165.4] 23.2] 227/224.8] 31.6] 287|284.2 
48} 47.5] 06.7} 108}106.9] 15.0} 168]166.4| 23.4] 2281225.8] 31.7] 288)/285.2 
49| 48.5} 06.8} 109]107.9| 15.2] 1691167.4| 23.5] 229|226.8] 31.9] 289|286.2 
50} 49.5] 07.0} 1101108.9] 15.31 170|168.3] 23.7] 230/227.8] 32.0] 290/287.2 


51) 50.5) 07.1] 111]109.9] 15.4) 1711169.3] 23.8] 231)/228.8) 32.1] 291/288.2 
52] 51.5) 07.2) 112)110.9) 15.6] 172/170.3] 23.9] 232|229.7} 32.3] 292)289.2 
53] 52.5) 07.47 113)111.9) 15.7] 173)171.3] 24.1] 233}230.7| 32.4] 293)/290.1 
54) 53.5} 07.5} 114)112.9) 15.99 174|172.3] 24.2] 2341231.7| 32.6] 294/291.1 
55) 54.5) 07.7) 115}113.9) 16.0) 175|173.3] 24.4] 235/232.7| 32.7) 295/292.1 
56] 55.5] 07.8] 116{114.9) 16.1] 176)174.3) 24.5} 2361233.7] 32.8} 296)|293.1 
57| 56.4} 07.9f 117}115.9) 16.3) 177|175.3] 24.6] 237|234.7| 33.0) 297)294.1 
58] 57.4] 08.1] 118}116.9) 16.4] 178)176.3] 24.8} 238/235.7] 33.1] 298}295.1 
59} 58.4] 08.2] 119}117.8| 16.6) 179|177.3] 24.91 239)}236.7] 33.3] 2991296.1 
60] 59.4] 08.47 120)118.8) 16.7] 180}178.2] 25.1] 240)237.7| 33.4] 300/297.1 
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29 
Difference of Latitude and Departure for 9°. 

Dist.} Lat. | Dep.jDist.} Lat. | Dep.}Dist.] Lat. |Dep. |Dist.| Lat. | Dep.|Dist.| Lat. | Dep 
1] 01.0] 00.2 61) 60.2] 09.5} 121]119.5| 18.9] 181]178.8} 26.3] 241/238.0] 37.7 
2| 02.0} 00.3) 62} 61.2) 09.7) 122}120.5) 19.1] 182}179.8] 28.5} 242/239.0} 37.9 
3} 03.0] 00.5] 63] 62.2) 09.9] 123]121.5) 19.2} 183]180.7| 28.6] 243/240.0] 38.0 
4) 04.0} 00.6f 64] 63.2] 10.0} 124)122.5) 19.4] 164]181.7] 28.8] 244/241.0] 38.2 
5} 04.9] 00.8] 65} 64.2) 10.2} 125)123.5] 19.6) 185]182.7] 28.9] 245/242.0) 38.3 
6] 05.9} 00.9} 66} 65.2} 10.3] 126}124.4) 19.7] 186}183.7} 29.1] 246)243.0] 38.5 
7} 06.9) O1.1] 67} 66.2) 10.5) 127]125.4] 19.9) 187|184.7] 29.3) 247/244.0| 38.6 
8} 07.9) 01.3] 68) 67.2] 10.6} 128)126.4] 20.0] 188}185.7| 29.4] 248/244.9) 38.8 
9} 08.9) 01.4) 69) 68.2] 10.8] 129}127.4| 20.2] 189}186.7| 29.6] 249/245,.9) 39.0 

10] 09.9] 01.6) 70} 69.1] 11.0] 130)128.4] 20.3] 190]187.7] 29.7] 250/246.9] 39.1 
11} 10.9) O1.7[ 71) 70.1] 11.1) 131]129.4) 20.5] 191]188.6] 29.91 251/247.9) 39.3 
12} 11.9] 01.9} 72) 71.1) 11.3] 132]130.4] 20.6] 192]189.6] 30.0} 252/248.9| 39.4 
13] 12.8) 02.0) 73] 72.1] 11.4] 133]131.4] 20.8} 193]190.6} 30.2] 253/249.9| 39.6 
14) 13.8) 02.2) 74) 73.1] 11.6] 134]132.4] 21.0] 194]191.6} 30.3) 254/250.9] 39.7 
15] 14.6] 02.3) 75) 74.1) 11.7] 135}133.3) 21.1] 195]192.6] 30.5) 255/251.9) 39.9 
16] 15.8) 02.5) 76) 75.1] 11.9] 136]134.3] 21.3) 196]193.6] 30.7] 256|252.8) 40.0 
17| 16.8) 02.7) 77) 76.1] 12.0] 137]135.3} 21.4) 197]194.6] 30.8] 257|253.8) 40.2 
18] 17.8} 02.8] 78] 77.0] 12.2} 138]136.3| 21.6] 198]195.6| 31.0] 258/254.8) 40.4 
19) 18.8] 03.0] 79) 78.0} 12.4) 139}137.3] 21.7) 199]196.5] 31.1] 259}255.8] 40.5 
20} 19.8) 03.1] 80} 79.0) 12.5] 140)138.3] 21.9] 200]197.5| 31.3] 260}256.8) 40.7 
21} 20.7) 03.3) 81) 80.0} 12.7) 141)139.3] 22.1) 2011198.5] 31.4] 261/257.8) 40.8 
22) 21.7) 03.4] 82) 81.0] 12.8] 142)140.3} 22.2) 202/199.5| 31.6] 262/258.8} 41.0 
23) 22.7] 03.6] 83} 82.0} 13.0} 143]141.2] 22.4] 203/200.5] 31.8] 263/259.8) 41.1 
24] 23.7) 03.6] 84) 83.0] 13.1] 144/142.2] 22.5] 204/201.5) 31.9] 264]260.7] 41.3 
Z5| 24.7] 03.9] 85] 84.0] 13.3] 145/143.2] 22:7] 205]202.5) 32.1] 265/261.7] 41.5 
26) 25.7] 04.1] 86] 84.9] 13.5} 146]144.2] 22.8} 206|203.5] 32.2] 266|262.7| 41.6 
27| 26.7| 04.2] 87} 85.9] 13.6] 147]145.2) 23.0] 207)204.5| 32.4] 267|263.7| 41.8 
28) 27.7| 04.4{ 88) 86.9] 13.8] 148]146.2| 23.2] 208]205.4] 32.5] 268)264.7| 41.9 
29) 28.6] 04.5] 89] 87.9] 13.9] 149]147.2] 23.3] 209]206.4] 32.7] 269|265.7| 42.1 
30} 29.6] 04.7] 90) 88.9] 14.1} 150}148.2| 23.5) 210}207.4| 32.9] 270/266.7| 42.2 
31} 30.6) 04.8] 91) 89.9] 14.2] 151}149.1] 23.6] 211}208.4] 33.0] 2711267.7| 42.4 
32] 31.6} 05.0} 92} 90.9} 14.4) 152]150.1] 23.8] 212/209.4] 33.2] 2721268.7| 42.6 
33} 32.6) 05.2] 93) 91.9] 14.5] 153]151.1] 23.9] 213/210.4| 33.3] 273/269.6} 42.7 
34} 33.6] 05.3] 94) 92.8] 14.7] 154}152.1) 24.1) 214/211.4] 33.5] 274/270.6| 42.9 
35] 34.6} 05.5) 95) 93.8] 14.9) 155]153.1] 24.2) 215}212.4) 33.6] 275|/271.6) 43.0 
36] 35.6] 05.6] 96] 94.8] 15.0] 156]154.1] 24.47 216]213.3) 33.8] 276/272.6| 43.2 
37) 36.5] 05.8] 97] 95.8) 15.2] 157]155.1] 24.6) 217)214.3) 33.9] 2771273.6) 43.3 
38] 37.5) 05.9) 98] 96.8] 15.3] 158]156.1] 24.7) 218)/215.3] 34.1] 278/274.6) 43.5 
39} 38.5) 06.1] 99] 97.8] 15.5) 159]157.0} 24.9] 219/216.3] 34.3] 279/275.6) 43.6 
40} 39.5} 06.3].100) 98.8] 15.6] 160)158.0} 25.0] 220)217.3} 34.4] 280/276.6) 43.8 
41} 40.5} 06.4] 101) 99.8] 15.8] 161)159.0} 25.2] 221/218.3] 34.6] 281]277.5| 44.0 
42) 41.5] 06.6] 102}100.7| 16.0} 162}160.0} 25.3] 222/219.3) 34.7] 282/278.5| 44.1 
43} 42.5) 06.7] 103|101.7)} 16.1] 163]161.0] 25.5] 223/220.3] 34.9] 283/279.5| 44.3 
44] 43.5] 06.9) 104)102.7) 16.3] 164}162.0} 25.7] 224}221.2| 35.0] 284/280.5} 44.4 
45) 44.4] 07.0} 105}103.7| 16.4] 165}163.0} 25.8] 225}222.2| 35.2] 285/281.5] 44.6 
46} 45.4} 07.2} 106|104.7] 16.6} 166)164.0] 26.0] 226/223.2| 35.4] 286]282.5) 44.7 
47) 46.4] 07.4) 107|105.7) 16.7] 167)164.9] 26.1} 227|224,.2) 35.5] 287|283.5| 44.9 
48) 47.4) 07.5} 108)106.7} 16.9] 168}165.9] 26.3] 228)225.2| 35.7] 288/284.5} 45.1 
49) 48.4] 07.7} 109}107.7| 17.1] 169}166.9] 26.4] 229/226.2) 35.8] 289/285.4} 45.2 
50} 49.4} 07.8} 110|108.6) 17.2] 170|167.9| 26.6] 230)227.2} 36.0} 290/286.4| 45.4 
51} 50.4] 08.0} 111|109.6) 17.4) 171)168.9) 26.8} 231)228.2| 36.1] 291}287.4| 45.5 
52} 51.4] 08.1] 112/110.6] 17.5] 172)}169.9} 26.9] 232)229.1] 36.3} 292/288.4] 45.7 
53} 52.3] 08.3} 113}111.6] 17.7] 173)170.9] 27.1] 2331230.1| 36.4] 293}289.4} 45.8 
54] 53.3} 08.4) 114/112.6] 17.8} 174/171.9| 27.2] 234]231.1] 36.6] 294/290.4| 46.0 
55) 54.3) 08.6) 115/113.6] 18.0) 175}172.8] 27.4] 235}232.1| 36.8] 295}291.4} 46.1 
56} 55.3} 08.8) 116)114.6) 18.1) 176/173.8] 27.5] 236/233.1] 36.9] 296|292.4] 46.3 
57} 56.3) 08.9} 117|115.6] 18.3) 177|174.8] 27.7] 237/234.1] 37.1] 297/293.3] 46.5 
58] 57.3) 09.1) 118/116.5] 18.5} 178]175.8] 27.8] 238/235.1] 37.2] 298]294.3] 46.6 
59} 58.3} 09.2) 119]117.5] 18.6] 179|176.8] 28.0] 239|236.1} 37.4] 299/295.3] 46.8 
60} 59.3) 09.4] 120|118.5| 18.81 180]177.8] 28.2] 240/237.0] 37.5] 300/296.3] 46.9 
Dist.| Dep. | Lat. \Dist.| Dep.| Lat. IDist.| Dep.| Lat. (Dist. Dep.| Lat. [Dist.{Dep.| Lat 
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Difference of Latitude and Departure for 10°. 

Dist.| Lat, | Dep.{Dist.} Lat. | Dep.|Dist.} Lat. | Dep.|Dist.} Lat. | Dep.{Dist.} Lat. | Dep. 
1} 01.0) 00.2] 61) 60.1] 10.6) 121)119.2} 21.0) 181}178.3] - 241}237.3] 41.8 
2) 02.0] 00.3] 62} 61.1} 10.8] 122)120.1] 21.2] 182]179.2 242)}238.3} 42.0 
3} 03.0} 00.5) 63] 62.0] 10.9} 123/121.1} 21.4] 183}180.2 243|239.3| 42.2 
4| 03.9} 00.71 64} 63.0] 11.1] 124}122.1} 21.5] 1841181.2 244|240.3| 42.4 
5| 04.9} 00.97 65) 64.0} 11.3] 125)123.1} 21.7] 185)182.2 245|241.3| 42.5 
6|.05.9] 01.0} 66] 65.0] 11.5] 126)124.1} 21.9} 186}183.2 246|242.3| 42.7 
7; 06.9} 01.21 67) 66.0] 11.6% 127,125.1] 22.1] 187}184.2 247|243.2| 42.9 

~ 8) 07.9} 01.4) 68] 67.0] 11.8] 128]126.1] 22.21 188]185.1 248)244.2| 43.1 
9} 08.9] 01.6] 69} 68.0} 12.0] 129]127.0} 22.4) 189]186.1 249|245.2} 43.2 
10} 09.8] 01.7] 70} 68.9} 12.2) 130}128.0| 22.6] 190}187.1 250|246.2| 43.4 
11] 10.8] 01.9} 71} 69.9} 12.3] 131}129.0] 22.7] 191)188.1 251}247.2| 43.6 
12} 11.8) 02.1) 72} 70.9} 12.5} 132}130.0} 22.9] 192]189.1 252|248.2| 43.8 
13] 12.8) 02.3) 73) 71.9} 12.7] 133}131.0] 23.1] 193]190.1 253}249,2| 43.9 
14] 13.8} 02.4) 74] 72.9) 12.8) 134/132.0] 23.3] 1941191.1 254/250.1} 44.1 
15} 14.8) 02.6) 75) 73.9} 13.0} 135}132.9| 23.4) 195]192.0 255}251.1] 44.3 
16} 15.8} 02.8] 76) 74.8} 13.2} 136}133.9| 23.6) 1961193.0 256}252.1] 44.5 
17| 16.7} 03.0] 77] 75.8] 13.4] 137}134.9| 23.8] 197|194.0 257|253.1} 44.6 
18] 17.7} 03.1] 78] 76.8} 13.5{ 138}135.9} 24.0] 198]195.0 258|/254.1| 44.8 
19} 18.7] 03.3] 79] 77.8] 13.7] 139]136.9] 24.1] 199]196.0 }} 259}255.1] 45.0 
20) 19.7} 03.5] 80} 78.8} 13.9} 140}137.9| 24.3] 200]197.0 260}256.1] 45.1 
21| 20.7) 03.6] 81] 79.8) 14.1] 1411138.9] 24.5] 201/197.9 | 261|257.0} 45.3 
22) 21.7) 03.8] 82) 80.8} 14.2] 142)139.8]} 24.7] 202/198.9] 35.1] 262/258.0} 45.5 
23) 22.7] 04.0] 83} 81.7) 14.4] 1431140.8] 24.8] 2031199.9 263}259.0] 45.7 
24| 23.6] 04.2] 84} 82.7| 14.67 144]141.8] 25.0] 204/200.9 264}260.0} 45.8 
25| 24.6] 04.3] 85} 83.7] 14.8] 145]142.8] 25.2] 205|201.9 265}261.0} 46.0 
26} 25.6] 04.5] 86) 84.7] 14.9} 146]143.8} 25.4] 206]202.9 266|262.0} 46.2 
27| 26.6] 04.7{ 87} 85.7) 15.1] 147/144.8} 25.5] 207|203.9 267|262.9} 46.4 
28] 27.6] 04.9) 88) 86.7] 15.3] 148]145.8] 25.71 208]/204.8 268}263.9} 46.5 
29) 28.6) 05.0) 89] 87.6} 15.5] 149]146.7] 25.9] 209]205.8 269|264.9| 46.7 
30] 29.5] 05.27 90] 88.6] 15.6} 150]147.7] 26.0] 210/206.8 270|265.9| 46.9 
31} 30.5] 05.4f 91} 89.6] 15.8} 1511148.7) 26.21 2111207.8 6] 2711266.9] 47.1 
32] 31.5} 05.6 92} 90.6} 16.0] 152}149.7] 26.4] 212]208.8 272|267.9| 47.2 
33] 32.5] 05.77 93) 91.6] 16.1] 153]150.7] 26.6] 213]/209.8 273|268.9| 47.4 
34] 33.5] 05.9) 94) 92.6) 16.3) 1541151.7] 26.7] 214|210.7 2] 2741269.8} 47.6 
35} 34.5) 06.11 95) 93.6] 16.5) 155}152.6) 26.9) 215}211.7 2751270.8| 47.8 
36} 35.5] 06.3] 96] 94.5} 16.7] 156]153.6] 27.1] 216]212.7 276|271.8| 47.9 
37| 36.4] 06.47 97) 95.5) 16.8] 157)154.6] 27.3] 2171213.7 277|272.8} 48.1 
38) 37.4| 06.6) 98) 96.5) 17.0} 158}155.6] 27.4] 218]214.7 278)|273.8) 48.3 
39} 38.4} 06.8) 99) 97.5} 17.2} 159)156.6] 27.6] 219}215.7 279|274.8| 48.4 
40; 39.4] 06.97 100) 98.5] 17.4] 160}157.6] 27.8} 2201216.7 280|275.7| 48.6 
41} 40.4) 07.1] 101} 99.5} 17.5} 161}158.6] 28.0} 221|217.6 281/276.7| 48.8 
42) 41.4] 07.3] 102/100.5] 17.7] 1621159.5} 28.1] 2221218.6 282|277.7| 49.0 
43] 42.3) 07.5{ 103}101.4] 17.9] 163}160.5] 28.3] 223/219.6 283/278.7| 49.1 
44) 43.3} 07.6} 104/102.4] 18.1] 164/161.5] 28.5} 224|220.6 284|279.7) 49.3 
45] 44.3) 07.8] 105)103.4] 18.2] 165]162.5} 28.7] 225|221.6 285]280.7| 49.5 
46] 45.3] 08.0] 106)104.4] 18.4} 166]163.5] 28.8] 226|2929.6 286}281.7| 49.7 
47| 46.3) 08.2] 107/105.4| 18.6] 167]164.5] 29.0] 227|223.6 287|282.6| 49.8 
48] 47.3) 08.3} 108)106.4| 18.8} 168]165.4] 29.2] 228]224.5 288/283.6| 50.0 
49} 48.3) 08.5] 109)107.3] 18.9] 169]166.4] 29.3] 229]225.5 289|284.6} 50.2 
50} 49.2} 08.7] 110/108.3] 19.1] 170}167.4| 29.5] 230/226.5 290)285.6| 50.4 
51} 50.2) 08.9} 111/109.3) 19.3] 171)168.4] 29.7] 2311297.5 291|286.6| 50.5} 
92) 51.2) 09.0} 112/110.3] 19.4] 172]169.4} 29.9] 232|298.5 292|287.6| 50.7. 
53} 92.2) 09.2) 113)111.3] 19.6] 173]170.4} 30.0] 233]229.5 293)288.5| 50.9) 
54} 53.2] 09.4) 114/112.3] 19.8] 174)171.4] 30.2] 2341230.4 294/289.5) 51.1) 
59] 94.2] 09.6] 115/113.3] 20.0] 175}172.3] 30.4] 2351231.4 295/290.5] 51.2 
56] 55.1] 09.7] 116)114.2} 20.1] 176]173.3] 30.6] 2361232.4 296/291.5] 51.4 
57} 56.1] 09.9} 117/115.2] 20.3] 177|174.3] 30.7] 237/233.4 297|292.5| 51.6 
58] 57.3) 10.1] 118)116.2) 20.5} 178/175.3] 30.9] 238]234.4 298/293.5| 51.7 
59] 58.1] 10.2; 119}117.2} 20.7] 179)176.3] 31.1] 239]235.4 299/294.5} 51.9 
60} 59.1] 10.4] 120/118.2] 20.8] 180]177.3] 31.3] 240/236.4 300}295.4 
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Difference of Latitude and Departure for 11°. 


0 
— 
a 

ag 


SOHmVHS A bwWHH!? 


ist.} Lat. | Dep.}Dist.| Lat. 


132}129.6 
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00.2 
00.4 
00.6 
00.8 
01.0 
01.2 
O15 
01.7 
01.9 
02.1 
02.3 
02.5 
02.7 
02.9 
03.1 
03.3 
03.5 
03.7 
04.0 
04.2 


04.4 
04.6 
04.8 
05.0 
05.2 
05.4 
05.6 
05.8 
06.0 
06.2 


06.4 


06.7 
06.9 
07.1 
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59.7 
60.6 
61.6 
62.6 
63.6 
64.6 
65.5 
66.5 
67.5 
68.5 
69.4 
70.4 
71.4 
72.4 
73.4 
74.3 
75.3 
76.3 
77.3 
78.3 
79.2 
80.2 
81.2 
82,2 
83.1 
84.1 
85.1 
86.1 
87.1 
88.0 


89.0 


2) 90.0 
91.0 
O19 
92.9 


103}100.7 
104/101.7 
105}102.7 
106}103.7 
107}104.7 
108}105.6 
109}106.6 
110}107.6 
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112}109.6 
113)110.5 
114}111.5 
115}112.5 
116}113.5 
117/114.4 
118}115.4 
119|116.4 
120}117.4 
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121|118.4 
122|119.3 
123]120.3 
124]121.3 
125|122.3 
126]123.2 
127|124.2 
128]125.2 
129]126.2 
130|127.2 


131}128.1 
132/129.1 
133]130.1 
134}131.1 
135}132.0 
136}133.0 
137}134.0 
138}]135.0 
139}136.0 
140/136.9 


141}137.9 
142 138.9) 
143}139.9 
144/140.9 
145/141.8 
146/142.8 
147|143.8 
148/144.8 
149}145.7 
150}146.7) 


151}147.7 
152]148.7 
153]149.7 
154]150.6 
155}151.6 
156}152.6 
157|153.6 
158}154.5 
159)155.5 
160}156.5 


161}157.5 
162}158.5 
163/159.4 
164/160.4 
165}161.4 
166}162.4 
167|163.4 
168}164.3 
169}165.3 
170}166.3 


172}168.2 
173}169.2 
174/170.2 
175}171.2 
176}172.2 
177|173.1 
178}174.1 
179}175.1 
180|176.1 


TABLE II. 
Difference of Latitude and Departure for 12°. 


25.2 
25.4 
25.6 
25.8 
26.0 
26.2 
26.4 
26.6 
26.8 
27.0 
27.2 
27.4 
27.7 
27.9 
28.1 
28.3 
28.5 
28.7 
28.9 
29.1 


29:3 
29.5 
29.7 
29.9 
30.1 
30.4 
30.6 
30.8 
31.0 
31.2 


31.4 
31.6 
31.8 
32.0 
32.2 
32.4 
32.6 
32.9 
33.1 
33.3 
33.5 
33.7 
33.9 
34.1 
34.3 
34.5 
34.7 
34,9 
35.1 
35.3 


35.8 
36.0 
36.2 
36.4 
36.6 
36.8 
37.0 
37.2 
37.4 


Dep.}Dist.] Lat. | Dep.{Dist.} Lat. 


181}177.0 
182|178.0 
183}179.0 
184)180.0 
185/181.0 
186)181.9 
187}182.9 
188/183.9 
189'184.9 
190|185.8 


191|186.8 
192/187.8 
193}188.8 


216)211.3 
217|212.3 
218/213.2 
219|214.2 
220|215.2 
221/216.2 
222)217.1 
223)/218.1 
224/219.1 
225|220.1 
226|221.1 
227|222.0 
228/223.0 
229|224.0 
230|225.0 


171)167.3| 35.6} 231/226.0 


232/226.9 
233)/227.9 
234/228.9 
235/229.9 
236|230.8 
237|231.8 
238)/232.8 
239/233.8 
240|234.8 


Dep.] Dist. 


37.6 
37.8 
38.0 
38.3 
38.5 
38.7 
38.9 
39.1 
39.3 
39.5 


39.7] | 
39.9 
40.1 
40.3 
40.5 
40.8 
41.0 
41.2 
41.4 
41.6 


41.8 
42.0 
42.2 
42.4 
42.6 
42.8 
43.0 
43.2 
43.5 
43.7 
43.9 
44.) 
44.3 
44.5 
44,7 
44,9 
45.1 
45.3 
45.5 
45.7 
45.9 
46.2 
46,4 
46.6 
46.8] * 
47.0 
47.2 
47.4 


Lat. , Dep. 


| é 


Lat. {Dist.| Dep.| Lat. 


Fhe: 


.| Lat. | Dep.]Dist. 


59 
60| 
Dist.! Dep. 


08.1 
08.3 
08.5 
08.8 
09.0 


09.2 
09.4 
09.7 
09.9 
10.1 
10.3 
10.6 
10.8 
11.0 
11.2 


11.5 
11.7 
11.9 
12.1 
12.4 
12.6 
12.8 
13.0 
13.3 
13.5 


59.4 
60.4 
61.4 
62.4 
63.3 
64.3 
65.3 
66.3 
67.2 
68.2 
69.2 
70.2 
Fry 
72.1 
fa4 
74,1 
75.0 
76.0 
77.0 
77.9 


78.9 
79.9 
80.9 
81.8 
82.8 
83.8 
84.8 
85.7 
86.7 
87.7 


mS; 


TABLE II. 
Difference of Latitude and Departure for 13°. 


13.7 
13.9 
14.2 
14.4 
14.6 
14.8 
15.1 
15.3 
15.5 
15.7 
16.0 
16.2 
16.4 
16.6 
16.9 
17.1 
V3 
17.5 
17.8 


18.0) 


18.2 
18.4 
18.7 
18.9 
19.1 


"88.7| 20. 


89.6 
90.6 
91.6 
92.6 
93.5 
94.5 
95.5 
96.5 
97.4 


98.4 

99.4 
103/100.4 
104/101.3 
105}102.3 
106)103.3 
107|104.3 
108}105.2 
109/106.2 
110}107.2 


111}108.2 
112)109.1 
113)110.1 
114}111.1} 
115}112.1 
116}113.0 
117|114.0 
118/115.0 
119}116.0 
120)116.9 


Lat. | Dep.|Dist.} Lat. 


121|117.9 
122|118.9 
123]119.8 
124]120.8 
125}121.8 
126]122.8 
127|123.7 
128]124.7 
129|125.7 
130}126.7 
131|127.6 
132}128.6 
133|129.6 
134]130.6 
135|131.5 
136]132.5 
137|133.5 
138]134.5 
139]135.4 
140|136.4 


141}137.4 
142}138.4 
143}139.3 
144}140.3 
145)141.3 
146}142.3 
147}143.2 
148}144.2 
149}145.2 
150}146.2 


151{147.1 
152}148.1 
153}149.1 
154/150.1 
155}151.0 
156}152.0 
157}153.0 
158}154.0 
159}154.9 
160)155.9 


161}156.9 
162|157.8 
163}158.8 
164}159.8 
165}160.8 
166}161.7 
167|162.7 


Dep.|Dist. 


27.2 
27.4 
27.7 
27.9 
28.1 
28.3 
28.6 
28.8 
29.0 
29.2 


29.5 


Lat. 


181]176.4 
182)177.3 
183178 
184|179.3 
185/120.3 
186}181.2 
187|182.2 
188/183.2 
189/184.2 
190}185.1 


191/186.1 
192|187.1 
193)188.1 
194/189.0 
195}190.0 
196}191.0 
197|192.0 
198}192.9 
199}193.9 
200|194.9 


201/195.8 
202/196.8 
203}197.8 
204/198.8 
205)/199.7 
206/200.7 
207/201.7 
208)/202.7 
209)/203.6 
210|204.6 
211)}205.6 


212/206.6 
213/207.5 


4) 214/208.5 


168}163.7} ¢ 


169}164.7 
170}165.6 


0} 171}166.6 


25.9 
26.1 
26.3 
265 
26.8 
27.0 


172|167.6 
173}168.6 
1741169.5 
175|170.5 
176}171.5 
177|172.5 
178}173.4 
179|174.4 
180}175.4 


Lat. |Dist.| Dep.| Lat. |Dist.| Dep. 
2D 


215|209.5 
216}210.5 
217/211.4 
218)212.4 
219/213.4 
220|214.4 


221)215.3 
222/216.3 
223/217.3 
224/218.3 
225/219.2 
226|220.2 
227|221.2 


228)222.2) 


229/223.1 
230/224.1 


231/225.1 
232)}226.1 
233|227.0 
234/228.0 
235/229.0 
236)230.0 
237|230.9 
238/231.9 
239/232.9 
240|233.8 


Lat. |Dist.| Dep. 


40.7 
40.9 
41.2 
41.4 
41.6 


241)234.8 
242/235.8 
243|236.8 
2441237.7 
245|238.7 
246|239.7 
247|240.7 
248/241.6 
249|242.6 
250(243.6 


251/244.6 
252|245.5 
253|246.5 
254)247.5 
255|248.5 
256|249.4 
257|250.4 
258/251.4 
259|252.4 
260|253.3 


261}254.3 
262|255.3 
263)256.3 
264|257.2 
265|258.2 
266|259.2 


6] 267|260.2 


268)/261.1 
269)262.1 
270|263.1 


271/264.1 
2721265.0 
273)266.0 
274)267.0 
275|268.0 
276}268.9 
277|269.9 
278)270.9 


3] 2791271.8 


280|272.8 


281/273.8 
282|274.8 
283|275.7 
284|276.7 
285 |277.7 
286/278.7 
287 |279.6 
288/280.6 
289/281.6 
290)|282.6 


291|283.5 
292|284.5 
293/285 .5 
294/286.5 
295|287.4 
296/288.4 
297|289.4 
298)290.4 
299/291.3 
300/292.3 


i 


33. 


‘Dep.{Dist.) Lat. | Dep. 


54.2 
54.4 
94.7 
54.9 
55.1 


58.5 


58.7 
58.9 
59.2 
59.4 
59.6 


65.5 
65.7 
65.9 
66.1 
66.4 
66.6 
66.8 
67.0 
67.3 
67.5 


Lat. |Dist.| Dep.| Lat. 


34 


‘Dist.| Lat. 


— 
SCON SD OF DN 


01.0 
01.9 
02.9 
03.9 
04.9 
05.8 
06.8 
07.8 
08.7 
09.7 


10.7 


11.6 
12.6 
13.6 
14.6 
15.5 
16.5 
17.5 
18.4 
19.4 


20.4 
21.3 
22.3 
23.3 
24.3 
25.2 
26.2 
27.2 
28.) 
29.1 


30.1 
31.0 
32.0 
35.0 
34.0 
34.9 
35.9 


TABLE IL. 


Difference of Latitude and Departure for 14°. 


Dep.|Dist. 


00.2 
00.5 
00.7 
01.0 
01.2 
01.5 
01.7 
01.9 
02.2 
02.4 


02.7 


02.9 
03.1 
03.4 
03.6 
03.9 
04.1 
04.4 
04.6 
04.8 


05.1 
05.3 
05.6 
05.8 
06.0 
06.3 


06.5; 


06.8 
07.0 
07.3 
07.5 
07.7 
08.0 
08.2 
08.5 
08.7 
09.0 


fate 


Lat. 


61} 59.2 
62| 60.2 
63} 61.1 
64} 62.1 
65) 63.1 
66 
67 
68 
69 
70 


104/100.9 
105}101.9 
106|102.9 
107|103.8 
108)104.8 
109}105.8 
110)106.7 


111/107.7 
112|108.7 
113/}109.6 
114/110.6 
115}111.6 
116/112.6 
117)113.5 
118/114.5 
119)115.5 
+30 116.4 


Dep.jDist.| Lat. 


121)117.4 
122)118.4 
123/119.3 
124}120.3 
125/121.3 
126}122.3 
127)123.2 
128/124.2 
129|125.2 
130)126.1 


131|127.1 


132|128.1 
133|129.0 
134/130.0 
135}131.0 
-136}132.0 
137|132.9 
138}133.9 
139} 134.9 
140|135.8 


29.3 
29.5 
29.8 
30.0 
30.2 
30.5 
30.7 
31.0 
31.2 
31.4 


Tang 


31.9 
32.2 
32.4 
32.7 
32.9 
33.1 
33.4 
33.6 
33.9 


141/136.8} ; 


142/137.8 


143}138.8] 34. 


144}139.7 
145|140.7 
146}141.7 
147|142.6 
148|143.6 
149|144.6 
150{145.5 


151/146.5 
152|147.5 
153}148.5 
154|149.4 
155|150.4 
156}151.4 


Byp.157|152.3 


158|153.3 
159|154.3 
160|155.2 


me 156.2 


162|157.2| ; 


163/158.2 
164/159.1 
165/160.1 
166/161.1 
167|162.0 
168)163.0 
169 


Dep.}Dist.| Lat. 


181}175.6 
182/176.6 
183|177.6 
184|178.5 
185|179.5 
186)}180.5 
187/181.4 
188} 182.4 
189}183.4 
190|184.4 


~191|185.3 


192/186.3 
193|187.3 
194|188.2 
195/189.2 
196|190.2 
197|191.1 
198}192.1 
199}193.1 
200\194.1 


201}195.0 
202|196.0 
203/197.0 
204)197.9 
205]198.9 
206|199.9 
207|200.9 
208/201.8 
209/202.8 
210}203.8 


211)204.7 
212|205.7 
213|206.7 
214|207.6 
215|208.6 
216/209.6 
217|210.6 
218)211.5 
219|212.5 
220|213.5 


221/214.4 
222)215.4 
223/216.4 
224|217.3 
225/218.3 
226|219.3 
227|220.3 
228/221.2 
229}222.2 
230)|223.2 


231|224.1 
232|225.1 
233|226.1 
234|227.0 
235|228.0 
236|229.0 
237|230.0 
238|230.9 
239/231.9 
a0 232.9 


43.8 
44.0 
44.3 
44.5 
44.8 
45.0 
45.2 
45.5 
45.7 
46.0 


46.2 


46.4 
46.7 
46.9 
47.2 
47.4 
47.7 
47.9 
48.] 
48.4 


48.6 
48.9 
49.1 
49.4 
49.6 
49.8 
50.1 
50.3 
50.6 
50.8 


51.0 
51.3 
51.5 
51.8 
52.0 


Dep.|Dist.| Lat. 


241|233.8 
242|234.8 
243|235.8 
244/236.8 
245|237.7 
246|238.7 
247 |239.7 
248|240.6 
249|241.6 
250|242.6 


251|243.5 


252|244.5 
253)/245.5 
254|246.5 
255|247.4 
256|248.4 
257|249.4 
258/250.3 
259/251.3 
260/252.3 


261|253.2 
262|254.2 
263|255.2 
264|256.2 
265|257.1 
266|258.1 
267|259.1 
268|260.0 
269|261.0 
270/262.0 


271)263.0 
272)263.9 
273|264.9 
274|265.9 
275|266.8 
276|267.8 
277(|268.8 
278|269.7 
279|270.7 
280/271.7 


281|272.7 
282|273.6 
283|274.6 
284|275.6 
285|276.5 
286|277.5 


287|278.5| 69. 


288|279.4 
289/280.4 
290/281.4 


291/282.4 
292/|283.3 
293 |284.3 
294/285.3 
295|286.2 
296|287.2 
297 |288.2 
298)289.1 
299/290. 
ane 291.1 


ist.} Lat. } Dep.} Dist. 


TABLE II. 


Lat. 


Dep. 


.| Lat. {Dist.| Dep.| Lat. |Dist. 


Dist.] Lat. 


181/174.8 
182]175.8 
183/176.8 
184|177.7 
185|178.7 
186/179.7 
187|180.6 
188/181.6 
189/182.6 
190/183.5 


eS eee aeeiees ——<——_. | —___., —— 
——————j—___ EEE 
oe 


191}184.5 
192}185.5 
193)186.4 
194}187.4 
195|188.4 
196} 189.3 
197} 190.3 
198)191.3 
199}192.2 
200|193.2 


201/194.2 
202/195.1 
203]196.1 
204}197.0 
205/198.0 
206|199.0 
207/199.9 
208} 200.9 
209|201.9 
210/202.8 


211 
212 
213 
214 
215 
216 
217 
218 
219 
220 


204.8 
205.7 
206.7 
207.7 
208.6 
209.6 
210.6 
2145 
212.5 


221/213.5 


222 
223 | 
224 
225 
226 
227 
228) 
229 
230 


214.4 
215.4 
216.4 
217.3 
218.3 
219.3 
220.2 
221.2 
222.2 


232) 
233 
234 
235 
236 
237 
238 
239 
240 


224.1 
225.1 
226.0 
227.0 
228.0 
228.9 
229.9 
230.9 
231.8 


203.8] 


Dep. 


De eS ee ea a EE et OT) 2 ee 
—}| —_——_—= | ——_—— } —_——_——_| —_____ 


231|223.1 


Lat. |Dist. 


Difference of Latitude and Departure for 15°. 


.{Dist.} Lat. 


2411232.8). 62:4 


242|233.8 
243/234.7 
244|235.7 
245|236.7 
246|237.6 
247|238.6 
248/ 239.5 
249) 240.5 
250/241.5 


251/242.4 


252 
253 
254 
259 
256 
257 
258 
259 
260 


243.4 
244.4 
245.3 
246.3 
247.3 
248.2 
249.2 
250.2 
251.1 
252.1 
253.1 
254.0 
255.0 
256.0 
256.9 
257.9 
258.9 
259.8 
260.8 


261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
247 
278 
279 
280 


262.7 
2603.7 
264.7 
265.6 
266.6 
267.6 
268.5 
269.5 
270.5 


282)/272.4 


283 
284 
285 
286 
287 
288 
289 
290 


273.4 
274.3 
275.3 
276.3 
277.2 
278.2 
279.2 
280.1 


292 
293 
294 
295 
296 
297 
298 
299 
300 


282.1 
283.0 
284.0 
284.9 
285.9 
286.9 
287.8 
288.8 
289.8 


rie 


261.8 


281/271.4 


291 /281.1 


36 TABLE II. 
Difference of Latitude and Departure for 16°. 


Lat. | Dep. Dist, Lat. | Dep. Dist.| Lat. | Dep|Dist.| Lat. | Dep.{Dist | Lat. | Dep.) _ 


wrest fe | ee, | | A fl ff [| | Lf fe ff 


58.6) 16.8] 121|116.3! 33.4] 181|174.0 241|231.7| 66.4 
2 59.6] 17.1) 122/117.3} 33.6] 182|174.9 242|232.6| 66,7 
3 60.6] 17.4] 123/118.2) 33.9] 183]175.9 243|233.6| 67.0 
4} 03. 61.5| 17.6] 124]119.2} 34.2] 184]176.9 244|234.5] 67.3| 
5} 04.8| 01.4] 65} 62.5] 17.9] 125]120.2) 34.5} 185/177.8 245|235.5| 67.5] 
6| 05.8] 01.7] 66] 63.4} 18.2] 126)121,1] 34.7] 186/178.8 246|236.5| 67.8] 
7| 06.7) 01.9] 67] 64.4] 18.5] 127/122.1| 35.0] 187|179.8 247|237.4| 68.1] 
8] 07.7/ 02.2} 68] 65.4] 18.7] 128]123.0] 35.3] 188]180.7 248|238.4| 68.4] | 
9] 08.7] 02.5] 69} 66.3] 19.0] 129|124.0] 35.6] 189)181.7 249|239.4] 68.6 
10} 09.6] 02.8] 70} 67.3] 19.3] 130|125.0] 35.8] 190|182.6 250|240.3| 68.9] - 
11| 10.6] 03.0) 71) 68.2| 19.6] 131/125.9] 36.1] 191/163.6] 52.6) 251/241.3| 69.21 | 
12} 11.5] 03.3] 72} 69.2] 19.8] 132/126.9| 36.4) 192)184.6 252|242.2| 69.5 © 
13] 12.5] 03.6 73/ 70.2) 20.1] 133/127.8] 36.7] 193/185.5 253|243.2| 69.7] | 
14] 13.5} 03.9] 74] 71.1] 20.4] 134/128.8] 36.9} 1941186.5 254|244.2) 70.0] | 
15] 14.4] 04.1{ 75] 72.1] 20.7] 135/129.8) 37.2] 195/187.4 255/245.1| 70.3 
16] 15.4! 04.4) 76/ 73.1) 20.9] 136/130.7} 37.5] 196/188.4 256/246.1! 70.6 
17| 16.3| 04.7) 77] 74.0] 21.2] 137|131.7} 37.8] 197|189.4 257|247.0| 70.8 
18] 17.3} 05.0] 78] 75.0) 21.5] 138/132.7| 38.0] 198/190.3 258/248.0| 71.1 
19} 18.3} 05.2) 79] 75.9) 21.8] 139/133.6| 38.3] 199|191.3 259|249.0| 71.4 
20} 19.2] 05.5] 80] 76.9] 22.1] 140]134.6} 38.6} 200/192. 260|249.9| 71.7 
21} 20.2} 05.8) 81} 77.9) 22.3] 141/135.5} 38.9] 201/193.2 261|250.9| 71.9 
22] 21.1) 06.1] 82] 78.8] 22.6] 142]136.5) 39.1] 202/194.9 262|251.9| 72.2 
23| 22.1) 06.3] 83) 79.8} 22.9] 143]137.5| 39.4] 203/195.1 263|252.8} 72.5] , 
24] 23.1) 06.6] 84]°80.7| 23.2] 144/138.4] 39.7] 204/196.1 264|253.8| 72.8 
25] 24.0] 06.9] 85] 81.7] 23.4] 145/139.4| 40.0] 205/197.1 265|254.7| 73.0 
26| 25.0] 07.2] 86] 82.7] 23.7] 146|140.3| 40.2] 206/198.0 266/255.7) 73.3 
27| 26.0] 07.4] 87| 83.6} 24.0] 147|141.3] 40.5] 207/199.0 267|256.7| 73-6 
28} 26.9] 07.7] 88] 84.6] 24.3] 148/142.3] 40.8] 208/199.9| 57.3] 268]257.6| 73.9 
29] 27.9] 08.0] 89] 85.6] 24.5] 149/143.2| 41.1] 209/200.9| 57.6] 269,258.6) 74.1 
30] 28.8] 08.3] 90] 86.5} 24.8] 150/144.2| 41.3] 210/201.9 270/259.5| 74.4] 
31} 29.8] 08.5] 91] 87.5} 25.1] 151/145.2) 41.6] 211/202.8 271|260.5| 74.7 
32| 30.8] 08:8] 92] 88.4] 25.4] 152/146.1] 41.9] 212/203.8 272|261.5| 75.0 
33} 31.7] 09.1] 93} 89.4] 25.6] 153]147.1] 42.2] 213/204.7 273|262.4| 75.2 
34] 32.7/ 09.4] 94] 90.4] 25.9] 154]148.0] 42.4] 214/205.7 274|263.4| 75.5 
35] 33.6] 09.6] 95] 91.3] 26.2] 155]149.0] 42.7] 215/206.7 275|264.3! 75.8 
36] 34.6] 09.9] 96] 92.3] 26.5] 156]150.0| 43.0] 216/207.6 276|265.3! 76.1 
37| 35.6| 10.2] 97] 93.2] 26.7] 157/150.9} 43.3] 217/208.6 277|266.3| 76.4 
38] 36.5] 10.5] 98] 94.2] 27.0] 158]151.9| 43.6] 218/209.6 278|267.2| 76.6 
39] 37.5] 10.7] 99] 95.2] 27.3] 159)152.8) 43.8] 219/210.5 279|268.2| 76.9 
40} 38.5] 11.0] 100] 96.1] 27.6] 160]153.8} 44.1] 220/211.5 280|269.2| 77.2 
41} 39.4) 11.3] 101] 97.1] 27.8) 161|154.8] 44.4) 221|212.4 261/270.1! 77.5 
42| 40.4) 11.6] 102] 98.0] 28.1] 162/155.7| 44.7] 222/213.4 262/271.1{ 77.7 
43} 41.3] 11.9] 103] 99.0] 28.4] 163/156.7| 44.9] 223/214.4 283|272.0| 78.0 
44] 42.3) 12.1] 104]100.0] 28.7] 164|157.6| 45.2] 224|215.3 284/273.0| 78.3 
45| 43.3) 12.4] 105/100.9] 28.9] 165]158.6| 45.5] 225/216.3 285|274.0| 78.6 
46| 44.2] 12.7) 106{101.9) 29.2] 166/159.6| 45.8] 226|217.2 286|274.9| 78.8 
47| 45.2) 13.0] 107/102.9} 29.5] 167|160.5| 46.0] 227|218.2 287|275.9| 79.1 
48| 46.1) 13.2] 108/103.8] 29.8] 168]161.5] 46.3] 228]219.2 288/276.8| 79.4 
49] 47.1] 13.5] 109/104.8} 30.6] 169]162.5| 46.6] 229/220.1 289|277.8| 79.7 
50} 48.1) 13.8] 110/105.7] 30.3] 170|163.4| 46.9] 230/221.1 290|278.8| 79.9 
51) 49.0) 14.1] 111/106.7| 30.6) 171|164.4| 47.1] 231/222.1 291|279.7] 80.2 
52) 50.0) 14.3] 112/107.7| 30.9] 172/165.3| 47.4] 232/223.0 292/280.7| 80.5 
53] 50.9] 14.6] 113/108.6) 31.1] 173/166.3| 47.7] 233/224.0 293|281.6} 80.8 
54] 51.9] 14.9] 114/109.6) 31.4] 174/167.3] 48.0] 234/224.9 294|282.6 81.0 
55| 52.9) 15.2) 115/110.5] 31.7] 175/168.2| 48.2] 235/225.9 295|283.6| 81.3 
56] 53.8] 15.4] 116/111.5] 32.0] 176/169.2) 48.5) 236/226.9 296|284.5| 81.6 
57| 54.8] 15.7) 117|112.5) 32.2] 177/170.1] 48.8] 237/227.8 297|285.5| 81,9 
58} 55.) 16.0] 118|113.4] 32.5] 178/171.1] 49.1] 238/228.8 298|286.5| 82.1 


59| 56.7) 16.3] 119)114.4| 32.8] 179}172.1! 49.3] 239/229.7 299/287.4; 82.4 
240} 230.7 300/2868,4| 82.7 


60} 57.7) 16.5] 120}115.4} 33.1) 180/173.0] 49.6 
Dist.| Dep.| Lat. {Dist.| Dep.| Lat. |Dist.| Dep.| Lat. [Dist. Dep.| Lat. {Dist.| Dep.} Lat. 


74. 


4 


i ll 


ASS. 


TABLE II. 
Difference of Latitude and Departure for 17°. 


SON NH OR ODS 


ef ef LF | | J 


— | —— | ——____ J OY | 2 | | J | | J | ——_ 


; Dist.} Lat. | Dep.|Dist. 


01.0} 00.3 
01.9} 00.6 
02.9} 00.9 
03.8] 01.2 
04.8] 01.5 
05.7} 01.8 


+ 06.7] 02.0 


07.7) 02.3 
08.6} 02.6 
09.6) 02.9 


10.5| 03.2 


11.5) 03.5 
12.4] 03.8 
13.4} 04.1 
14.3] 04.4 
15.3] 04.7 
16.3} 05.0 
17.2} 05.3 
18.2] 05.6 
19.1] 05.8 


—_—_ 


20.1) 06.1 


21.0 
22.0 
23.0 
23.9 
24.9 
25.8 
26.8 
27.7 
28.7 


06.4 
06.7 
07.0 
07.3 
07.6 
07.9 
08.2 
08.5 
08.8 


09.1 
09.4 
09.6 
09.9 
10.2 


106}101.4 
107}102.3 
108}103.3 
109}104.2 
110}105.2 


111)106.1 
112}107.1 
113}106.1 
114}109.0 
115}110.0 
116}110.9 
117}111.9 
118}112.8 
119}113.8 
120}114.8 


Dep.|Dist.| Lat. 


17.8 
18.1 


121}115.7 
122/116.7 
123/117.6 
124}118.6 
125}119.5 
126/120.5 
127/121.5 
128|122.4 
129|123.4 
130)124.3 


Dep.|Dist.| Lat. | Dep.{Dist.} Lat. | Dep. 


35.4 
35.7 
36.0 
36.3 
36.5 
36.6 
37.1 
37.4 
Od 
38.0 


181}173.1 
182}174.0}, 
183}175.0 
184|175.0 
185}176.9 
186}177.9 
187|178.8 
188}179.8 
189/180.7 
190}181.7 


241)230.5 
242/231.4 
243/232,4 
244/233.3 
245/234.3 
246/235.3 
247|236.2 
248) 237.2 
249)238.1 
250/239.1 


———— fF | | J | - | J | 


—— oe S| eel ta 


35.1 


141 


131/125.3 
132/126.2 
133)127.2 
134/128.1 
135/129.1 
136}130.1 
137/131.0 
138/132.0 
139/132.9 
140)133.9 


134.8 
142|135.8 
143)136.8 
144|137.7 
145/138.7 
146/}139.6 
147|140.6 
148/141.5] 
149)142.5 
150}143.4 


151}144.4 
152|145.4 
153}146.3 
154}147.3 
155}148.2 
156}149.2 


179)171.2 
180/172.1 


Lat, [Dist.} Dep. 


38.3 
38.6 
38.9 
39.2 
39.5 
39.8 
40.1 
40.3 
40.6 
40.9 


41.2 
41.5 
41.8 
42.1 
42.4 
42.7 
43.0 
43.3 
43.6 
43.9 


44,1] 
44.4 
44.7 
45.0 
45.3 


52.3 
52.6 


191)182.7 
192/183.6 
193|184.6 
194}185.5 
195|186.5 
196}187.4 
197|188.4 
198}189.3 
199}190.3 
200)191.3 


201)192.2 
202}193.2 
203}194.1 
204}195.1 
205/196.0 
206|197.0 
207|198.0 
208}198.9 
209/199.9 
210|200.8 


211/201.8 
212)202.7 
213/203.7 
214/204.6 
215}205.6 
216|206.6 
217/207.5 
218/208.5 
219/209.4 
220/210.4 


——$<_} —__ ——-— }— 


221)211.3 
222)212.3 
223)213.3 
224/214.2 
225|215.2 
226/216. 
227|217.1 
228/218.0 
229/219.0 
230|220.0 


231/220.9 
232/221.9 
233|222.8 
234/223.8 
235|224.7 
236|225.7 


7) 237/226.6 


2381227.6 
239 |228.6 
240 |229.5 


Lat. {Dist.i Dep. 


251|240.0 
252|241.0 
253|241.9 
254|242.9 
255|243.9 
256|244.8 
257)|245.8 
258)|246.7 
259|247.7 
260|248.6 


261/249.6 
262|250.6 
263/251.5 


}} 264/252.5 


265|253.4 
266|254.4 
267)255.3 
268/256.3 
269)}257.2 
270/258.2 


-——— | << Jj ___ | s/s J | | | _.. | ————— J | 


29.6 
30.6 
31.6 
32.5 
33.5 


271/259.2 
272|260.1 
273|261.1 
274/|262.0 
275|263.0 
276/263.9 
2771264.9 
278|265.9 
279)266.8 
280|267.8 


281|268.7 
282|269.7 
283)|270.6 
284|271.6 
285 |272.5 
286) 273.5 
2871274.5 
288/275.4 
289)|276.4 
290|277.3 


70.5 
70.8 
71.0 
71.3 
71.6 
Zs 
72.2 
72.5 
72.8 
73.1 
73.4 
73.7 
74.0 
74.3 
74.6 
74.8 
75.1 
75.4 


ef | | Ff 


291)278.3| 85.1 


292|279.2 
293)|280.2 
294'281.2 
295|282.1 
296)283.1 
297|284.0 
298) 285.0 
299)/285.9 
300|286.9 


73°. 


85.4 
85.7 
86.0 
86.2 
86.5 
86.8 
87.1 
87.4 
87.7 


TABLE II. 
Difference of Latitude and Departure for 18°. 


| 121/115] 
122]116.0 
1231117.0 
124]117.9 
125}118.9 
126|119.8 
127|120.8 
128/121.7 
129]122.7 

.6{ 130]123.6 
131|124.6 
2) 132/125.5 
6} 133]126.5 
9] 134]127.4 
135]128.4 
136|129.3 


WD ONT Cy OF ® BOD 


24 148/140.8 
1 149/141.7 
8) 150/142.7 


AP 151|143.6 
AL 152/144.6 
7) 153|145.5 
Of 154|146.5 
Al 155|147.4 
71 156|148.4 
O} 157|149.3 
| 158/150.3 
159|151.2 
91 160/152.2 


2) 161)153.1 
162)154.1 
163}155.0 
164/156.0 
165)156.9 

8} 166}157.9 

ly 167/158.8 

A} 168}159.8 

3.7] 169|160.7 
170|161.7 

3} 171|162.6 

| 172|163.6 

9} 173 

2] 174 

35.51 175 
| 176 

2) 177 
178 

8] 179 

Af 180 

| Lat. |Dist.| Dep. . |Dist.} Dep.| Lat. {Dist.| Dep.| Lat. 


14): 


.| Lat. | Dep. |Dist. 


58.6 
59.6 
60.5 
61.5 
62.4 


‘TABLE II. 
Difference of Latitude and Departure for 19°. 


Lat. | Dep.]Dist.} Lat. 


57.7| 19.9} 121)114.4 


20.2] 122/115.4 


20.5 
20.8 
21.2 


123)116.3 
124/117.2 
125}118.2 
126}119.1 
127)120.1 
128}121.0 
129|122.0 
130}122.9 


39.4] 181)171.1 
39.7] 182|172.1 
40.0} 183)173.0 
40.4) 184]174.0 
40.7] 185)174.9 
41.0] 186)175.9 
41.3] 187|176.8 
41.7) 188|177.8 
42.0] 189}178.7 
42.3) 190}179.6 


58.9 
59.3 
59.6 
59.9 
60.2 


| 246|232.6 


39 | 


eee 


Dep.}Dist.] Lat. | Dep. |Dist.} Lat. | Dep. 


241|227.9 
242|228.8 
243|229.8 
244|230.7 
245|231.7 


78.5 
78.8 
FN 
79.4 
79.8 
80.1 
80.4 
80.7 
81.1 


247|233.5 
248}234.5] 
249|235.4 
250|236.4 


a | fF J | | 


_—q— jem jc \i——— 


SS 
Se es 


105 
106|100.2 
107|101.2 
108/102.1 
109|103.1 
110/104.0 


111}105.0 


112|105.9 


113/106.8) < 


114/107.8 
115|108.7 
116|109.7 
117|110.6 
118}111.6 
119}112.5 
120}113.5 


99.3} « 


Dist. Dep. ' Lat. |Dist.} Dep. 


Lat. |Dist.| Dep.| Lat. |Dist.(Dep. | Lat. [Dist.} Dep. 


131)123.9 
132}124.8 
133}125.8 
134]126.7 
135} 127.6 
136|128.6 
137}129.5 
138}130.5 
139}131.4 
140}132.4 


141}133.3 


142}134.3 
143}135.2 
144]136.2 
145}137.1 
146}138.0 
147}139.0 
148}139.9 
149}140.9 
150]141.8 


151}142.8 
152|143.7 
153]144.7 
154}145.6 
155|146.6 
156}147.5 
157|148.4 
158)149.4 
159}150.3 
160}151.3 


161}152.2 
162}153.2 
163}154.1 
164]155.1 
165}156.0 
166|157.0 
167|157.9 
168}158.8 
169}159.8 
170}160.7 


191}180.6 
192|181.5 
193}182.5 
194]183.4 
195]184.4 
196}185.3 
197|186.3 
198}187.2 
199}188.2 
200|189.1 


201}190.0 
202}191.0 
203191.9 
204)192.9 
47.2) 205|193.8 
47.5} 206|194.8 
47.9} 207}195.7 
48.2} 208}196.7 
48.5} 209|197.6 
48.8] 210}198.6 


49.2) 211}199.5 
49.5] 212|200.4 
49.8} 213/201.4 
50.1] 214)202.3 
50.5} 215}203.3 
50.8} 216]204.2 
51.1} 217/205.2 
51.4] 218/206.1 
51.8] 219)207.1 
52.1] 220|208.0 


52.7] 222|/209.9 
53.1] 223|210.9 
53.4] 224/211.8 
53.7] 225|212.7 
54.0] 226|213.7 
54.4] 227|214.6 
54.7] 228}215.6 
55.0] 229|216.5 
55.3] 230/217.5 


251/237.3 
252|238.3 
253|239.2 
254|240.2 
255/241. 
256|242.1 
257|243.0 
258|243.9 
259|244.9 
260/245.8 


82.4 
82.7 
83.0 
83.3 
83.7 
84.0 
84.3 
84.6 


~261/246.8] 85.0 


262|247.7 
2631248.7 
264|249.6 
265|250.6 
266|251.5 
267 |252.5 
268/253.4 
269)254.3 
270}255.3 


85.3 
85.6 
86.0 
86.3 


Ss - J | | | J 


271)256.2 
272|257.2 
273/258.1 
274|259.1 
275|260.0 
276|261.0 
277|261.9 
278)262.9 
279|263.8 
280|264.7 


281)|265.7 
2821266.6 
263|267.6 
284/268.5 
285|269.5 
236|270.4 
287|271.4 
288|272.3 
289|273.3 
290|274.2 


bm es me) | ele red) fe eA fn —_— | —__ | J 


171}161.7 
172|162.6 
173} 163.6 
174|164.5 
175}165.5 
176|166.4 
177|167.4 
176/168.3 
179}169.2 
160}170.2 


55.7] 231/218.4 
56.0} 232/219.4 
56.3] 233|220.3 
56.6} .234/221.3 
57.0] 235)222.2 
57.3] 236|223.1 
57.6] 237/224.1 
58.0] 236/225.0 
58.3] 239/226.0 
58.6] 240|226.9 


291}275.1 
292|276.1 
293|277.0 
294/278.0 
295|278.9 
296|279.9 
297|280.8 
298/281.8 
299|282.7 
300|283.7 


96.4 


| ra Wi | 


See Es Te 


| 40 | TABLE IL. 
Difference of Latitude and Departure for 20°. 


Dist.} Lat. | Dep.|Dist.| Lat.| Dep. |Dist.| Lat. | Dep. |Dist.| Lat. | Dep.}Dist.| Lat. 


—- | —————— _ J ———————__ J ———__—_ | —_——_—_—_—._ | ————— J | | | | | YE | | — 


1! 00.9} 00.3] 61} 57.3} 20.9] 121]113.7 61.9 
2} 01.9] 00.7] 62} 58.3] 21.2) 122/114.6 62.2 

3} 02.8} 01.0] 63} 59.2) 21.5) 123]115.6 62.6 

4} 03.8] 01.4] 64} 60.1} 21.9] 124]116.5 62.9 

5] 04.7] 01.7] 65} 61.1] 22.2] 125)117.5 63.3 

6] 05.6] 02.1] 66] 62.0] 22.6) 126]118.4 63.6 

7| 06.6] 02.4) 67] 63.0} 22.9} 127/119.3 64.0 

8] 07.5] 02.7] 68] 63.9] 23.3] 128]120.3 64.3 

9} 08.5} 03.1] 69} 64.8] 23.6] 129]121.2 64.6 

10] 09.4] 03.4] 70} 65.8} 23.9] 130/122.2 65.0 

11} 10.3) 03.8) 71] 66.7] 24.3] 131]123.1 65.3 

12} 11.3] 04.1] 72] 67.7] 24.6} 132/124.0 65.7 

13] 12.2) 04.4) 73] 68.6) 25.0] 133/125.0 66.0 

14] 13.2} 04.8] 74] 69.5] 25.3] 134]125.9 66.4 

15) 14.1) 05.1] 75] 70.5] 25.7] 135]126.9 66.7 

16] 15.0] 05.5) 76] 71.4] 26.0] 1361127.8 67.0 

17} 26.0} 05.8] 77| 72.4) 26.3] 137]128.7 67.4 

18] 16.9] 06,2) 78] 73.3] 26.7] 138]129.7 67.7 

19] 17.9] 06.5} 79} 74.2] 27.0] 139]130.6 68.1 

20| 18.8} 06.8] 80] 75.2] 27.4] 140/131.6 68.4 

21} 19.7] 07.2) 81) 76.1] 27.7] 141]132.5 68.7| § 
22| 20.7) 07.5] 82] 77.1] 28.0) 142/133.4 69.1 

23| 21.6] 07.9] 83] 78.0] 28.4] 143]134.4 69.4] 2 
24| 22.6] 08.2) 84] 78.9] 28.7] 144/135.3 69.8 

25] 23.5] 08.6] 85] 79.9] 29.1] 145]/136.3 70.1] 2 
26] 24.4] 08.9] 86] 80.8] 29.4] 146]137.2 70.5 

27| 25.4] 09.2] 87] 81.8] 29.8] 147]138.1 70.8 

28] 26.3} 09.6] 88] 82.7] 30.1] 148]139.1 71.1 

29] 27.3} 09.9] 89] 83.6] 30.4] 149]140.0 #5 
30} 28.2] 10.3} 90] 84.6} 30.8) 150]141.0 71.8 

31] 29.1] 10.6) 91) 85.5] 31.17 151/141.9 72.2 

32} 30.1] 10.9] 92) 86.5} 31.5] 152/142.8 72.5 
33] 31.0] 11.3] 93] 87.4] 31.8] 153]143.8 72.9 
34] 31.9} 11.6] 94] 88.3] 32.1] 154|144.7 73.2 
35: 32.9] 12.0] 95] 89.3] 32.5] 155]145.7 735 
36] 33.8] 12.3] 96] 90.2] 32.8] 156]146.6 73.9 
37| 34.8] 12.7] 97] 91.2) 33.2] 157/147.5 74.2] 2 
38] 35.7] 13.0] 98] 92.1] 33.5] 158/148.5 74.6 
39} 36.6] 13.3] 99] 93.0} 33.9] 159]149.4 74.9 

40} 37.6} 13.7] 100| 94.0} 34.2] 160/150.4 75.2| 280 
41] 38.5} 14.01 101] 94.9} 34.5] 1611513 75.6 

42| 39.5] 14.4] 102} 95.8] 34.9] 162]152.2 75.9 

43) 40.4} 14.7] 103] 96.8] 35.2] 163]153.2 76.3 

44] 41.3) 15.0) 104] 97.7| 35.6] 164]154.1 76.6 

45) 42.3] 15.4] 105] 98.7] 35.9] 165|155.0 77.0 

46] 43.2) 15.7) 106] 99.6} 36.3] 166]156.0 77.3) 286 
47| 44.2) 16.1) 107|100.5] 36.6] 167/156.9 77.6 

48} 45.1] 16.4] 108]101.5} 36.9} 168]157.9 78.0 

49] 46.0] 16.8] 109]102.4] 37.3] 169]158.8 78.3 

50} 47.0} 17.1) 110/103.4] 37.6] 170]159.7 78.7 

51} 47.9] 17.4) 111/104.3] 38.0] 171/160.7 79.0 99.5 
52] 48.9] 17.8] 112]105.2| 38.3] 172/161.6 79.3} 29 
53] 49.8] 18.1] 113}106.2] 38.6] 173]162.6 79.7 

54] 50.7] 18.5! 114/107.1| 39.0] 174]163.5 80.0 

55] 51.7} 18.8] 115]108.1} 39.3) 175]164.4 80.4 

56| 52.6] 19.21 116]109.0] 39.7] 176|165.4 80.7] 296 
57| 53.6] 19.5) 117]109.9] 40.0] 177|166.3 81.1 

58] 54.5] 19.8] 118]110.9] 40.4] 178/167.3 81.4 

59] 55.4] 20.2 119]111.8] 40.7] 179]168.2 81.7] 299 
60} 56.4] 20.5] 120]112.8) 41.0] 180]169.1 82.1] 


———— | ———————— | —————. J ——————— | ———————_ | J | | SS SSS 


Dist.| Dep.| Lat. |Dist.| Dep.}| Lat. |Dist.| Dep.| Lat. |Dist.| Dep. 


o 
es 
nm 

me 


SO MNIAH OP CORD! SF 


~ 41| 38.3) 14.7] 101] 94.3} 36.2| 161]150.3] 57.7] 221|206.3] 79.2 
j} 282 


Difference of Latitude and Departure for 21°. 


TABLE I. 


56.9 
57.9 
58.8 
59.7 
60.7 
61.6 
62.5 


64.4 
65.4 


———_—$ | —————— | —————_ FE sf —— 


66.3 
67.2 
68.2 
69.1 
70.0 
71.0 
71.9 
72.8 
73.8 
74.7 


76.6 


.| Lat. | Dep.|Dist.} Lat. 


63.5] 


75.6 


121}113.0 
122)113.9 
123/114.8 
124/115.8 
125|116.7 
126)117.6 
127}118.6 
128}119.5 
129/120.4 
130;121.4 
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182/169.9 
183|170.8 
184/171.8 
185}172.7 
186|173.6 
187|174.6 
188}175.5 
189)176.4 
190|177.4 


192)179.2 
193/180.2 
194|181.1 
195/182.0 
196/183.0 
197/183.9 
198/184.8 
199/185.8 
200|186.7 


201)187.6 
202|188.6 
203|189.5 
204/190.5 
205|191.4 
206|192.3 
207|193.3 
208}194.2 
209}195.1 
210|196.1 


2111197.0 
212|197.9 
213)198.9 
214/199.8 
215/200.7 
216|201.7 
217|202.6 
218/203.5 
219/204.5 
220|205.4 


222|207.3 
223/208.2 
224|209.1 
225/210.1 
226/211.0 
227/211.9 
228/212.9 


1 229/213.8 


230|214.7 
231|215.7 


}} 232/216.6 


233|217.5 
234/218.5 
235/219.4 
236|220.3 
237(|221.3 
238)222.2 
239/223.1 
240|224.1 


273 
274 
275 
276 
277 


278)2 


27% 
280 
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254.9 
255.8 
256.7 
257.7 
258.6 


-281|262.3]100.7 


283 


284 |: 


285 
286 
287 
288 
289 
290 


291 
292 
293 
294 
295 
296 
297 
298 
elo 
300 
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42 TABLE It. 


Difference of Latitude and Departure for 22°. 
Dist.| Lat. | Dep. Dist.| Lat. Dep.|Dist.| Lat. | Dep.}Dist.| Lat. | Dep.|Dist.| Lat. ia 
i} 00.9} 00.4) 61| 56.6} 22.9] 121/112.2) 45.3] 181|167.8] 67.8 
2) 01.9] 00.7] 62) 57.5] 23.2] 122)113.1] 45.7] 182]168.7) 68.2 
3] 02.8! 01.1) 63] 58.4] 23.6) 123]/114.0} 46.1] 183/169.7| 68.6 
4| 03.7] 01.5] 64] 59.3] 24.0) 124]115.0) 46.5] 184]170.6| 68.9 
5| 04.6] 01.9] 65} 60.3] 24.3] 125)115.9| 46.8) 185}171.5| 69.3 
6| 05.6] 02.2) 66} 61.2] 24.7] 126)116.8) 47.25 186]172.5| 69.7 
“| 06.5] 02.6] 67] 62.1] 25.1] 127|117.8] 47.6] 187|173.4| 70.1 
&| 07.4] 03.0] 68) 63.0) 25.5] 128 118.7| 47.9] 188}174.3] 70.4 
9] 08.3] 03.4] 69] 64.0] 25.8} 129/119.6] 48.3] 189]175.21 70.8 
10} 09.3} 03.7] 70| 64.9] 26.21 130/120.5) 48.7] 190/176.2| 71.2 
11} 10.2} 04.1] 71) 65.8] 26.6) 131/121.5) 49.17 191)177.1) 71.5 
12} 11.1} 04.5] 72] 66.8] 27.0} 132)122.4| 49.4] 192]178.0) 71.9 
13] 12.1] 04.9] 73} 67.7] 27.3] 133}123.3} 49.8] 193]178.9| 72.3 
14} 13.0] 05.2] 74] 68.6} 27.7} 134/124.2| 50.2] 194/179.9| 72.7 
15] 13.9] 05.6) 75] 69.5] 28.1) 135]125.2] 50.6] 195]180-8] 73.0 
16| 14.8] 06.0} 76] 70:5] 28.5) 136/126.1} 50.9} 196|181.7| 73.4 
17| 15.8] 06.44 77] 71.4] 28.8) 137)127.0) 51.3] 197/182.7| 73.8} ¢ 
18} 16.7} 06.7] 78] 72.3] 29.2] 138}128.0| 51.7] 198]183.6| 74.2 
19} 17.6] 07.1] 79] 73.2] 29.6] 139|128.9) 52.1] 199]184.5| 74.5 
20| 18.5} 97.51 80] 74.2] 30.0] 140|129.8) 52.4} 200|185.4| 74.9 
21} 19.5| 07.9] 81] 75.1] 30.3] 141|/130.7] 52.8] 201|186.4| 75.3 
22| 20.4] 08.2} 82] 76.0] 30.7] 142]/131.7) 53.2] 202/187.3] 75.7 
23) 21.3] 98.6] 83] 77.0] 31.1] 143/132.6] 53.6] 203/188.2] 76.0 
24) 22.3] 09.0] 84! 77.9] 31.5] 144/133.5] 53.9] 204/189.1| 76.4 
25| 23.2} 09.4) 85] 78.8] 31.8] 145}134.4} 54.3] 2051190.1| 76.8 
26| 24.1] 09.7] 86] 79.7) 32.2] 146]135.4] 54.71 206/191.0] 77.2 
27| 25.0} 10.1] 87] 80.7) 32.6] 147/136.3} 55.1] 207/191.9] 77.5 
28] 26.0] 10.5) 88] 81.6} 33.0] 148]137.2) 55.4] 208]192.9] 77.9 
29| 26.9) 10.9] 89) 82.5] 33.3] 1491138.2) 55.8] 2091193.8) 78.3 
30] 27.8} 11.2] 90] 83.4] 33.7] 150]139.1] 56.2] 210/194.7| 78.7 
31| 28.7] 11.6) 91| 84.4 34.1 ~151]140.0) 56.6] 2111195.6| 79.0 
32] 29.7) 12.0} 92} 85.3} 34.5) 152}140.9| 56.9] 2121196.6| 79.4 
33] 30.6] 12.4) 93) 86.2] 34.8) 153}141.9| 57.3] 213]197.5| 79.8 
34] 31.5] 12.71 94] 87.2] 35.2) 154]142.8) 57.7) 214/198.4| 80.2 
35| 32.5| 13.1] 95} 88.1] 35.6] 155]143.7] 58.1] 215/199.3] 80.5 
36| 33.4] 13.5] 96} 89.0] 36.0] 156]144.6| 58.4] 216]200.3| 80.9 
37| 34.3} 13.9] 97] 89.9] 36.3] 157|145.6| 58.8] 217/201.2| 81.3 
38] 35.2} 14.2] 98) 90.9] 36.77 158}146.5| 59.2) 218/202.1| 81.7 
39| 36.2} 14.6) 99} 91.8] 37.17 159|147.4| 59.6] 2191203.1] 82.0 
AQ) 37.1) 15.0] 100] 92.7] 37.5} 160|148.3} 59.9] 220/204.0] 82.4 
41) 38.0} 15.4] 101] 93.6] 37.8] 161|149.3/ 60.3] 221/204.9| 82.8 105.3 
42) 38.9] 15.7] 102} 94.6| 38.21 162)150.2| 60.7] 2221205.8) 83.2 
43} 39.9] 16.1] 103] 95.5] 38.6) 163}151.1| 61.1] 223/206.8] 83.5 
44) 40.8] 16.51 104) 96.4] 39.0] 164/152.1) 61.4] 2241207.7| 83.9 
45| 41.7) 16.9) 105) 97.4] 39.31 1651153.0) 61.8] 225/208.6| 84.3 
46] 42.7] 17.2) 106} 98.3} 39.7} 166]153.9| 62.2] 226|209.5| 84.7 
47| 43.6} 17.6} 107| 99.2] 40.1] 167|154.8) 62.6] 227/210.5| 85.0 
48) 44.5] 18.0] 108/100.1] 40.5) 168]155.8) 62.9] 228/211.4| 85.4 
49) 45.4) 18.4) 109)101.1) 40.8] 169]156.7| 63.3] 229|212.3| 85.8 
50| 46.4) 18.7) 110)102.0} 41.2] 170|157.6| 63.7] 230/213.3] 86.2 
51} 47.3} 19.1) 111)102.9) 41.6] 171)158.5| 64.1] 2311214.2| 86.5 | 
52| 48.2) 19.5} 112/103.8] 42.0] 172]159.5| 64.4] 232/215.1| 86.9 
53} 49.1} 19.9} 113)104.8) 42.3] 173]160.4] 64.8} 233/216.0| 87.3 
54| 50.1] 20.2] 114)105.7} 42.7] 174/161.3) 65.2] 234]217.0| 87.7 
55| 51.0} 20.6] 115/106.6] 43.1] 175|162.3] 65.6] 235/217.9| $8.0 
56| 51.9} 21.0] 116/107.6] 43.5] 176|/163.2) 65.9] 236]218.8] 88.4 
57| 52.8] 21.4} 117)108.5} 43.8] 177/164.1) 66.3] 237/219.7| 88.8 
58| 53.8} 21.7] 118]109.4] 44.2] 178/165.0] 66.7] 238]220.7| 89.2 
59| 54.7] 22.1] 119}110.3) 44.67 1791166.0} 67.1] 239|221.6| 89.5 
60| 55.6} 22.5} 120|/111.3] 45.0] 180/166.9| 67.4] 240|222.5| 89.9 
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.| Lat. 


00.9 
01.8 
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Dep.{Dist.} Lat. 
00.4j 61) 56.2 
00.8) 62) 57.1 
01.2] 63] 58.0 
01.6) 64] 58.9 
02.0} 65] 59.8 
02.3] 66] 60.8 
02.7} 67) 61.7 
03.1] 68) 62.6 
03.5] 69} 63.5 
03.9] 70} 64.4 
04.3) 71) 65.4 
04.7) 72) 66.3 
05.1] 73] 67.2 
05.5} 74] 68.1 
05.9] 75] 69.0 
06.3] 76] 70.0 
06.6] 77| 70.9 
07.0} 78] 71.8 
07.4) 79) 72.7 
07.8] 80] 73.6 
08.2] 81] 74.6 
08.6) 82) 75.5 
09.0} 83] 76.4 
09.4) 84] 77.3 
09.8] 85} 78.2 
10.2] 86] 79.2 
10.5} 87] 80.1 
10.9) 88} 81.0 
11.37 89] 81.9 
11.7] 90] 82.8 
12.1} 91] 83.8 
12.5] - 92] 84.7 
12.9) - 93] 85.6 
13.3] 94] 86.5 
13.7} 95] 87.4 
14.1] 96] 88.4 
14.5] 97] 89.3 
14.8] 98] 90.2 
15.2] 99} 91.1 
15.6} 100] 92.1 
16.0} 101} 93.0 
16.4) 102} 93.9 
16.8] 103} 94.8 
17.2] 104] 95.7 
17.6] 105} 96.7 
18.0] 106} 97.6 
18.4] 107| 98.5 
18.8} 108) 99.4 
19.1] 109}100.3 
19.5} 110/101.3 
19.9] 111/102.2 
20.3) 112}103.1 
20.7} 113]104.0 
21.1} 114/104.9 
21.5} 115/105.9 
21,9} 116}106.8 
22.3} 117|107.7 
22.7) 118]108.6 
23.1} 119}109.5 
23.4) 120|110.5 
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TABLE II. 
Difference of Latitude and Departure for 23°. 


Dep.}Dist.} Lat. | Dep. |Dist.} Lat. 


23.8 
24.2 
24.6 
25.0 
25.4 
25.8 


124/114.1 
125}115.1 
126}116.0 


129}118.7 
130{119.7 


132}121.5 


1371126.1 
138]127.0 
1391128.0 
140)128.9 


142}130.7 
143}131.6 


145)133.5 
146} 134.4 
147}135.3 
148/136.2 
149}137.2 
150}158.1 


6 
9} 152]139.9 
3} 153]/140.8 
7{ 154|141.8 
1} 155}142.7 
5] 156|143.6 
157|144.5 
158|145.4 
159|146.4 
160|147.3 
161|148.2 
162|149.1 
- 163}150.0 
164|151.0 
165|151.9 
166|152.8 
167|153.7 
168|154.6 
169|155.6 
170|156.5 
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171|157.4 
172}158.3 
173}159.2 
174|160.2 
175|161.1 
176|162.0 
177/162.9 
178/163.8 
179|164,8 
180/165.7 


46.5 
46.9 


127|116.9 
128}117.8 


133]122.4 
134]123.3 
135}124.3 
1361125.2 


141}129.8 


144]132.6 


47.3 
47.7 
48.1 
48.5 
48.8 
49.2 
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131)120.6 


151|139.0| 59.0 


181|166.6 
182|167.5 
183}168.5 
184}169.4 
185|170.3 
186|171.2 
187|172.1 
188]173.1 
189}174.0 
190}174.9 


19]1}175.8 
192|176.7 
193|177.7 
194|178.6 
195}179.5 
196|180.4 
197}181.3 
198]182.3 
199}183.2 
900|184.1 


901|185.0 


202|185.9 
203|186.9 
204|187.8 
905|188.7 
906}189.6 
9071190.5 
908|191.5 
909|192.4 
910|193.3 


911|194.2 


212|195.1 
9213|196.1 
214}197.0 
915|197.9 
916|198.8 
217|199.7 
918}200.7 
319|201.6 
2209|202.5 


Dep.|Dist.| Lat. 


121}111.4 
122}112.3 
123}113.2 


261|240.3| 102.0 


9711249.5/1 


241)221.8] 94.2 
242|222.8 
243|223.7 
244/224.6 
245|225.5 
246|226.4 
247 |227.4 
248/228.3 
249 |229.2 
250|230.1 


——— | — |—____- 


251|231.0 
252|232.0 
253|232.9 
254|233.8] 99.2 
255|234.7 
256|235.6 
257|236.6 
258}237.5 
259/238.4|101.2 
260|239.3)101.6 


262)241.2|102.4 
263 |242.1|102.8 
264|243.0}103.2 
265|243.91103.5 
266|244.9|103.9 
267|245.8|104.3 
266|246.7 
269|247.6 
270|248.5 


272|250.4 
273|251.3 
274}252.2|107.1 
2751253.1|107.5 
276)254.1}107.8 
277|255.0|108.2 
276|255.9|108.6 
279}256.8) 109.0 
280|257.7|109.4 


9911203.4 


69.6 
69.9 
70.3 


Lat. (Dist. Dep. 


999|204.4 
923)205.3 
924|206.2 
995|207.1 
296|208.0 
997|209.0 
9981209.9 
929/210.8 
230}211.7 


231|212.6 
232|213.6 
233|214.5 
234|215.4 
235|216.3 
236|217.2 
237|218.2 
238|219.1 
239|220.0 
240|220.9 


281|258.7|109.8 
282|259.6]110.2 
283|260.5{110.6 


285/262.3/111 4 
286 |263.3}111.7 
287 |264.2}112.1 
288)265.1)112.5 
289)266.0}112.9 
290)266.9}113.3 


291)267.9}113.7 
292/268.8}114.1 
293)/269.7|114.5 
294|270.6}114.9 
295|271.5}115.3 
296)272.5}115.7 
297 |273.4|116.0 
298}274.3}116.4 
299/275.2|116.8 
300|276.2|117.2 
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TABLE II. 


Difference of Latitude and Departure for 24°, 


114}104.1 
115)105.1 
116}106.0 
117}106.9 
118}107.8 
119}108.7 
120}109.6 


TABLE IL. 45 | 
) Difference of Latitude and Departure for 25°. 


Dist. .| Dep.|Dist.| Lat. | Dep.[Dist.| Lat.} Dep.]Dist.] Lat. | Dep.]Dist.| Lat. | Dep. 
] 00.4) 61) 55.3) 25.8] 121}109.7) 51.1) 181]164.0} 76.5} 241|218.4}101.9 
2 00.8] 62) 56.2) 26.2] 122)110.6] 51.6] 182]164.9| 76.9] 242/219.3|102.3 
3 01.3} 63) 57.1) 26.6] 123)111.5] 52.0] 183]165.9| 77.3] 243/220.2}102.7 
4 01.7] 64) 58.0) 27.0] 124/112.4] 52.4] 184|166.8] 77.8] 244/221.1|103.1 
5 02.1) 65) 58.9) 27.5) 125}113.3}) 52.8] 185}167.7| 78.2] 245/222.0)103.5 
6 02.5] 66) 59.8) 27.9} 126]114.2] 53.2] 186}168.6| 78.6] 246/223.0|104.0 
7 03.0] 67) 60.7) 28.3] 127)115.1] 53.7] 187}169.5} 79.0] 247|223.9]104.4 
8 03.4] 68] 61.6) 28.7] 128]116.0] 54.1] 188]170.4| 79.5] 248/224.8/104.8 
9 03.8] 69} 62.5) 29.2] 129}116.9] 54.5] 189]171.3} 79.9] 249|225.7|105.2 
wee |, 04.2) 70} 63.4) 29.6] 130]117.8] 54.9] 190]172.2] 80.3} 250|226.6|105.7 
11 04.6) 71) 64.3) 30.0) 131]118.7] 55.4) 191]173.1] 80.7] 251)227.5]106.1 
12 05.1] 72) 65.3) 30.4] 132/119.6} 55.8] 192/174.0| 81.1] 252/228.4|106.5 
13 05.5} 73] 66.2] 30.9] 133}120.5| 56.2) 193]174.9| 81.6] 253|229.3|106.9 
14 05.9) 74) 67.1] 31.3] 134/121.4] 56.6] 194|175.8] 82.0} 254/230.2}107.3 
15 06.3] 75) 68.0) 31.7] 135]122.4] 57.1] 195}176.7} 82.4] 255/231.1/107.8 
16 06.8) 76) 68.9) 32.1] 136]123.3] 57.5] 196|177.6] 82.8] 256/232.0|108.2 
17 07.2) 77) 69.8) 32.5) 137|124.2] 57.9] 197|178.5| 83.3] 257|232.9]108.6 
18 07.6) 78) 70.7) 33.0] 138]125.1} 58.3] 198|179.4| 83.7] 258|233.8]109.0 
19 08.0] 79) 71.6} 33.4] 139/126.01 58.7] 199]180.4] 84.1] 259/234.7|109.5 
20 08.5} 80} 72.5] 33.8] 140]126.9] 59.2] 200]181.3} 84.5} 260)235.6/109.9 
21 08.9] 81} 73.4] 34.2] 141]127.8} 59.6] 201]182.2] 84.9} 261/236.5}110.3 
22 09.3) 82} 74.3) 34.7] 142)128.7| 60.0] 202|183.1} 85.4] 262/237.5)110.7 
23 09.7] 83] 75.2) 35.1] 143]129.6} 60.4] 203]184.0] 85.8] 263)238.4/111.1 
24 10.1] 84] 76.1} 35.5] 144]130.5] 60.9] 204]184.9] 86.2] 264/239.3/111.6 
25 10.6] 85) 77.0} 35.9] 145]131.4| 61.3] 205]185.8] 86.6] 265/240.2/112.0 
26 11.0] 86) 77.9) 36.3] 146]132.3] 61.7] 206|186.7| 87.1] 266)241.1/112.4 
27 11.4] 87) 78.8) 36.8} 147/133.2] 62.1] 207|187.6| 87.5) 267|242.0/112.8 : 
28 11.8} 88} 79.8} 37.2] 148]134.1] 62.5] 208]188.5} 87.9] 268/242.9]113.3]  § 
29 12.3] 89) 80.7} 37.6} 149]135.0| 63.0] 209]189.4] 88.3] 269}243.81113.7| & 
30 12.7} 90} 81.6] 38.0] 150}135.9] 63.4] 210]190.3] 86.7] 270)244.7|114.1 ; 
31 13.1] 91) 82.5) 38.5] 151]136.9} 63.8] 211]191.2] 89.2) 271)245.6)114.5)  § 
32 13.5} 92) 83.4] 38.9] 152]137.8] 64.2] 212]192.1| 89.6] 272)246.5|115.0) | 
33 13.9] 93} 84.3) 39.3] 153]138.7| 64.7] 213]193.0| 90.0] 273)247.4)115.4 
34 14.4] 94] 85.2) 39.7] 154]139.6] 65.1] 214]193.9] 90.4] 274/248.3/115.8 
35 14.8] 95) 86.1) 40.1).155]140.5} 65.5] 215}194.9) 90.9] 275/249.2|116.2 
36 15.2] 96] 87.0} 40.6] 156}141.4] 65.9] 216/195.8) 91.3] 276/250.1/116.6 
37 15.6} 97) 87.9) 41.0] 157|142.3) 66.4] 217|196.7| 91.7] 2771251.01117.1 
38 16.1} 98} 88.8) 41.4] 158]143.2] 66.8} 218)197.6} 92.1] 278)252.0)117.5 
39 16.5} 99} 89.7) 41.8] 159]144.1] 67.2] 219]198.5} 92.6] 279|252.9}117.9 
40 16.9] 100} 90.6) 42.3} 160|145.0] 67.6] 220/199.4] 93.0] 280}253.8)118.3 
41 17.3} 101] 91.5] 42.7] 161/145.9] 68.0] 221/200.3] 93.4] 281)/254.7/118.8 
42 17.7] 102| 92.4] 43.1] 162}146.8] 68.5] 222/201.2| 93.8] 282)255.6|119.2 
43 18.2} 103] 93.3] 43.5] 163}147.7| 68.9} 223/202.1| 94.2] 283)256.5|119.6 
44 18.6] 104] 94.3} 44.0] 164/148.6] 69.3} 224/203.0| 94.7] 284|257.4|120.0 
45 19.0} 105] 95.2) 44.4] 165}149.5| 69.7] 225|203.9) 95.1) 285|258.3)120.4 
46 19.4} 106| 96.1) 44.8} 166)150.4| 70.2] 226/204.8) 95.5] 286|259.2|120.9 
47 19.9} 107| 97.0) 45.2] 167|151.4| 70.6] 227|205.7| 95.9] 287|)260.1)121.3 
48 20.3) 108| 97.9} 45.6} 168}152.3] 71.0] 228/206.6] 96.4] 288/261.0421.7 
49 20.7) 109| 98.8) 46.1] 169)153.2} 71.4] 229|207.5) 96.8] 289/261.9|122.1 
50 21.1] 110} 99.7] 46.5) 170]154.1} 71.8] 230}208.5] 97.2] 290/262.8)122.6 
51 21.6} 111|100.6} 46.9) 171}155.0| 72.3] 231/209.4| 97.6] 291/263.7/123.0 
52 22.0} 112|101.5| 47.3] 172}155.9| 72.7] 232/210.3] 98.0} 292|264.6)123.4 
53 22.4) 113}102.4| 47.8] 173/156.8] 73.1] 233/211.2} 98.5] 293)265.5|123.8 
54 22.8] 114|103.3) 48.2] 174]157.7| 73.5} 234|212.1} 98.9} 294/266.5|124.2 
55 23.2) 115|104.2} 48.6) 175|158.6| 74.0] 235/213.0| 99.3] 295|267.4/124.7 
56 23.7) 116|105.1| 49.0] 176|159.5| 74.4] 236|213.9| 99.7] 296/268.3)125.1 
57 24.1] 117|106.0| 49.4] 177|160.4| 74.8] 237|214.8/100.2) 297)269.2/125.5 


24.5) 118/106.9| 49.9] 178)161.3] 75.2] 238)215.7|100.6] 298)270.1|125.9 
24.9} 119|107.9| 50.3} 179|162.2| 75.6] 239/216.6|101.0] 299)271.0/126.4 
25.41 120!108.8} 50.7] 180|163.1) 76.1] 240/217.5|101.4] 300/271.9/126.8 


—_———— | —_—___. | ——_ J ff — | [| | YE OO I 


ist.| Dep.! Lat. [Dist.! Dep.! Lat.{Dist.! Dep.| Lat. |Dist.| Dep.! Lat. [Dist.| Dep.! Lat. 
65°. 


TABLE IL. 
Difference of Latitude and Departure for 26°. 


Dep.|Dist.| Lat. 


Dep. Dist. Lat. 


Dep.|Dist.} Lat. 


Dep. 


26.7 
27,2 
27.6 
28.1 
28.5 
28.9 
29.4 
29.8 
30.2 
30.7 


121|108.8 
122}109.7 
123]110.6 
124]111.5 
125|112.3 
126}113.2 
127|114.1 
128|115.0 
129]115.9 
130|116.8 


8} 185}166.3 


79.3 
79.8 
80.2 
80.7 
81.1 
81.5 
82.0 
82.4 
82.9 
83.3 


181}162.7 
182/163.6 
183}164.5 
184}165.4 


186}167.2 
187|168.1 
188}169.0 
189|169.9 
190|170.8 


241|216.6|105.6 
242|217.5|106.1 
243/218.4|106.5 
244|219.3|107.0 
245|220.2|107.4 
246|221.1107.8 
247|222.0|108.3 
248|222.9|108.7 
249|223.8|109.2 
250|224.7|109.6 


31.1 
31.6 
32.0 
32.4 
32.9 
33.3 
33.8 
34.2 
34.6 
35.1 


131/117.7 
132}118.6 
133}119.5 
134/120.4 
135/121.3 


137|123.1 
138/124.0 
139|124.9 
140/125.8 


9] 192]172.6 
3] 193/173.5 
71 194|174.4 
21 195}175.3 
136]122.2| 59.6} 
Al 197|177.1 
5] 198]178.0 


‘Al 200|179.8 


191}171.7| 83.7 
84.2 
84.6 
85.0 
85.5 
85.9 
86.4 
86.8 
87.2 
87.7 


196/176.2 


199}178.9 


251|225.6| 110.0 
252|226.5|110.5 
253|227.4|110.9 
254|228.3)111.3 
255|229.2)111.8 
256|230.1/112.2 
257|231.0/112.7 
258|231.9|113.1 
259|232.8113.5 
260|233.7|114.0 


ee ee ee ee eee eee ee ee ee ee 


35.5 
35.9 
36.4 
36.8 
3x3 
ond 
38.1 
38.6 
39.0 
39.5 


141|126.7 
142|127.6 
143)128.5 
144/129.4 
145/130.3 
146/131.2 
147|132.1 
148)133.0 
149/133.9 
150]134.8 


8] 201}180.7 


71 -203{182.5 
lt 204/183.4 
6] 205|184.3 


Al 207|186.1 
.91 208]186.9 
3] 209|187.8 
5.81 210|188.7 


88.1 
68.6 
89.0 
89.4 
89.9 
90.3 
90.7 
91.2 
91.6 
92.1 


202/181.6 


206]185.2 


261)234.6|114.4 
262|235.5}114.9 
263/236.4|115.3 
264|237.3|115.7 
265/238.2/116.2 
266|239.1|116.6 
267|240.0)117.0 
268/240.9}117.5 
269|241.8}117.9 
270|242.7/118.4 


— | | ——_—_ J ——_—_—_— | cr \——_ ioec_ o_ |__| I 


1511135.7 
152}136.6 
153)137.5 
154]138.4 
155}139.3 
156}140.2 
157}141.1 
158)}142.0 
159}142.9 
160}143.8 


39.9 
40.3 
40.8 
41.2 
41.6 
42.1 
42.5 
43.0 
43.4 
43.8 


6.2) 211]189.6 
6) 212)190.5 
lf 213}191.4 
Af 216)194.1 
OF 218)195.9 


| 220|197.7 


92.5 
92.9 
93.4 
93.8 
94.2 
94.7 
95.1 
95.6 
96.0 
96.4 


214/192.3 
215}193.2 


217)195.0 
219}196.8 


271|243.6|118.8 
272|244.5|119.2 
273|245.4|119.7 
274|246.3|120.1 
275|247.2|120.6 
276|248.1|121.0 
277|249.0|121.4 
278|249.91121.9 
279|250.8|122.3 
280|251.7|122.7 


— | ——~— | —————_—_j “ere \ ume jc Ic \—q“€—c \y—qq—y—“—\qcu“cKr —q— cri qe\—— 


161}144.7 
162/145.6 
163}146.5 
164/147.4 
165|148.3 
166)149.2 
167|150.1 
168)}151.0 
169|151.9 
170|152.8 


44,3 
44,7 
45,2 
45.6 
46.0 
46.5 
46.9 
47.3 
47.8 
48.2 


6] 221/198.6 


oO} 223|/200.4 
9] 2241201.3 


81 226/203.1 


96.9 
97.3 
97.8 
98.2 
98.6 
99.1 
227|204.0| 99.5 
228|204.9| 99.9 
229|205.8|100.4 
230|206.7|100.8 


2221199.5 


225 1202.2 


281|252.6|123.2 
282|253.5|123.6 
283|254.4/124.1 
284|255.3|124.5 
285 |256.2|124.9 
286|257.1|125.4 
287|258.0/125.8 
288|258.9|126.3 
289|259.8|126.7 
290|260.7|127-1 


| | I | fF | |] | ss | | | 


Dist.| Lat. | Dep.|Dist.| Lat. 
1] 00.9} 00.4] 61] 54.8 
2} 01.8} 00.9] 62} 55.7 
3} 02.7} 01.3] 63] 56.6 
4| 03.6) 01.8] 64] 57.5 
5| 04.5| 02.2] 65] 58.4 
6| 05.4} 02.6] 66] 59.3 
7| 06.3} 03.1]. 67} 60.2 
8} 07.2} 03.5) 68] 61.1 
9} 08.1} 03.9} 69} 62.0 

10} 09.0} 04.4) 70) 62.9 
11} 09.9} 04.8] 71] 63.8 
12} 10.8} 05.3] 72) 64.7 
13} 11.7} 05.7) 73) 65.6 
14| 12.6] 06.1] 74] 66.5 
15] 13.5} 06.6] 75) 67.4 
16| 14.4} 07.0] 76] 68.3 
17} 15.3} 07.5] 77) 69.2 
18} 16.2} 07.9} 78} 70.1 
19} 17.1) 08.3) 79) 71.0 
20| 18.0} 08.8} 80] 71.9 
21} 18.9] 09.2] 81] 72.8 
22| 19.8) 09.6] 82) 73.7 
23) 20.7} 10.1] 83] 74.6 
24) 21.6] 10.5] 84) 75.5 
25| 22.5] 11.0] 85} 76.4 
26| 23.4] 11.4] 86] 77.3 
27| 24.3] 11.8] 87| 78.2 
28} 25.2) 12.3] 88] 79.1 
29| 26.1] 12.7] 89) 80.0 
30} 27.0] 13.2) 90} 80.9 
31} 27.9] 13.6] 91] 81.8 
32} 28.8] 14.0] 92) 82.7 
33| 29.7] 14.5] 93] 83.6 
34| 30.6] 14.9] 94] 24.5 
3513151 15.31) 051) 85.4 
36] 32.4] 15.8] 96] 86.3 
37| 33.3} 16.21 97| 87.2 
38] 34.2] 16.7] 98] 88.1 
39| 35.1] 17.1] 99] 89.0 
40} 36.0} 17.51 100] 89.9 
41} 36.9} 18.0] 101} 90.8 
42! 37.7] 18.4] 102] 91.7 
43] 38.6] 18.8} 103} 92.6 
44) 39.5] 19.3] 104} 93.5 
45| 40.4] 19.7] 105) 94.4 
46] 41.3} 20.2} 106} 95.3 
47| 42.2) 20.6] 107} 96.2 
48} 43.1] 21.0] 108) 97.1 
49| 44.0} 21.5} 109} 98.0 
50] 44.9} 21.9] 110} 98.9 
51} 45.8] 22.4] 111} 99.8 
52} 46.7) 22.8] 112}100.7 
53] 47.6} 23.2} 113)101.6 
54} 48.5} 23.7] 114/102.5 
55| 49.4) 24.1] 115}103.4 
56} 50.3} 24.5) 116/104.3 
57| 51.2) 25.0) 117|105.2 
58] 52.1] 25.4] 118/106.1 
59} 53.0} 25.9} 119}107.0 
# 53.9} 26.3 120 107.9 


48.7 
49.1 
49.5 
50.0 
50.4 
50.9 
51.3 
61.7 
52.2 
52.6 


171)153.7 
172}154.6 
173}155.5 
174|156.4 
175|157.3 
176/158.2 
177|159.1 
178/160.0 
179|160.9 
HeO 161.8 


231/207.6|101.3 
232|208.5|101.7 
233|209.4|102.1 
234|210.3|102.6 
235 /211.2|103.0 
236/212.1)103.5 


| 237/213.0)103.9 


238)/213.9)104.3 
239 |214.8/104.8 
240|215.7/105.2 


291/261.5/127.6 


292/262.4|128.0 
293|263.3) 128.4 
294)264.2)128.9 
295/|265.1/129.3 
296|266.0|129.8 
297 /|266.9)130.2) 
2$8|267.8|130.6 
299|268.7|131.1 
300|269,6}131.5 


Lat. {Dist.! Dep.! Lat. {Dist.! Dep.! Lat. 


64°. 


mae a 
Difference of Latitude and Departure for 27°. 


54.4 
55.2 
56.1 
57.0 
57.9 
58.8 
59.7 
60.6 
61.5 
62.4 
63.3 
64.2 
65.0 
65.9 
66.8 
67.7 


68.6} < 


69.5 
70.4 
413 


72.2 
73.1 
74.0 
74.8 
75.7 
76.6 
77.5 
78.4 
79.3 
80.2 


81.1 
82.0 
82.9 
83.8 
84.6 
85.5 
86.4 
87.3 
88.2 
89.1 


90.0 
90.9 
91.8 
92.7 
93.6 
94.4 
95.3 
96.2 
97.1 
98.0 


.2) 111) 98.9 


112) 99.8 
113}100.7 
114/101.6 
115/102.5 
116}103.4 
117}104.2 
118}105.1 
119}106.0 
120}106.9 


121}107.8 
122/108.7 
123|109.6 
124}110.5 
125}111.4 
126/112.3 
127/113.2 
128)114.0 
129)114.9 
130}115.8 


131}116.7 
132|117.6 
133}118.5 
134|119.4 
135)120.3 
136}121.2 
137;122.1 
138}123.0 
139|123.8 
140)124.7 


141}125.6 
142}126.5 
143|127.4 
144/128.3 
145}129.2 
146]130.1 
147}131.0 
148}131.9 
149]132.8 
150}133.7 


151}134.5 
152}135.4 
153}136.3 
154]137.2 
1§5}138.1 
156}139.0 
157|139.9 
158}140.8 
159|141.7 
160}142.6 


161}143.5 
162}144.3 
163|145.2 
164|146.1 
165|147.0 
166|147.9 
167|148.8 
168}149.7 
169}150.6 
170)151.5 


Al 171)152.4 


172)153.3 
173]154.1 
174]155.0 
175] 155.9 
176|156.8 
177|157.7 
178)158.6 
179}159.5 
160}160.4 


Dist.| Dep.| Lat. |Dist.| Dep.| Lat. [Dist.| Dep.| Lat. 


ist.| Lat. | Dep. 


181/161.3 
182}162.2 
183}163.1 
184/163.9 
185}164.8 
186}165.7 
187/166.6 
188)167.5} 85.4 
189}168.4| 85.8 
190}169.3} 86.3 


191}170.2| ¢6.7 
192}171.1] 87. 

193}172.0| 87.6 
194}172.9} 88.1 
195]173.7| 88.5 
196}174.6| 89.0 
197|175.5} 89.4 
198}176.4| 89.9 
199}177.3} 90.3 
200]178.2| 90.8 


201)179.1) 91.3 
202}180.0} 91.7 
203}180.9| 92.2 
204/181.8) 92.6 
205]182.7| 93.1 
206}183.5| 93.5 
207|184.4| 94.0 
208}185.3] 94.4 
209|186.2| 94.9 
210}187.1 


211)188.0 
212)188.9 
213}189.8 


Qf 214}190.7 


215}191.6 
216;192.5 
217}193.3 
218}194.2 
219}195.1 
220)196.0 


2221197.8]100.8 
223)198.71101.2 
224/199.61101.7 
225/200.5}102,1 
226|201.4/102.6 
227|202.31103.1 
228)203.1/103.5 
229|204.01104.0 
230}204.9|104.4 


231}205.8/104.9 
232/206.71105.3 
233|207.61105.8 
234/208.5|106.2 
235 |209.4/106.7 
236/210.3}107.1 
237|211.2}107.6 
238/212.1)108.0 
239/213.0|108.5 
240}213.8/109.0 


Dist.| Lat, | Dep. 
241/214.7/109.4 
242)215.6|109.9 
243}216.5]110.3 
244|217.4|110.8 
245/218 3}111.2 
246|219.2)111.7 
247/220.1)112.1) 
248/221.01112.6 
249)221.9)113.0 
250/222.81113.5 


251|223.6)114.60 
252|224.5/114.4 
253}225.4|114.9 
254/226.3)115.3 
255|227.2/115.8 
256/228.1/116.2 
257|229.0)116.7 
258)/229.9)117.1 
259|230.8]117.6 
260|231.7|118.0 
261)232.6)118.5 
262}233.41118.9 
263/234.3]119.4 
264/235.2]119.9 
265/236.1]120.3 
266|237.0}120.8 
267)237.9|121.2 
268)]238.8]121.7 
269/239.7|122.1 
270|240.6|122.6 


271|241.5|123.0 
272)242.4|123.5 
273)243.21123.9 
274|244.1|124.4 
275|245.0|124.8 
276|245.9]125.3 
277|246.8| 125.8 
278|247.7|126.2 
279|248.6]126.7 
280|249.5|127.1 
281|250.4]127.6 
282|251.3]128.0 
283|252.2/128.5 
284|253.0]128.9 
285|253.9/129.4 
286|254.8/129.8 
287|255.7|130.3 
288|256.6|130.7 
289)257.5/131.2 
290)258.4/131.7 
291|259.3|132.1 
292|260.2|132.6 
293|261.11133.0 
294|262.0]133.5 
295|262.8]133.9 
296) 263.7|134.4 
297|264.6]134.8 
298|265.5/135.3 
299|266.4]135.7 
300|267.3]136.2 


Dist.| Dep.| Lat. [Dist.] Dep.} Lat. 


63°. 


| 48, 


Dist.| Lat. | Dep.| Dist. 


00.9 
01.8 
02.6 
03.5 
04.4 
05.3 
06.2 
07.1 
07.9 
08.8 
09.7 
10.6 
11.5 
12.4 
13.2 
14.1 
15.0 
15.9 
16.8 


00.5 
00.9 
01.4 
01.9 
02.3 
02.8 
03.3 
03.8 
04.2 
04.7 


05.2 
05.6 
06.1 
06.6 
07.0 
07.5 
08.0 
08.5 
08.9 
09.4 


09.9 
10.3 
10.8 
11.3 
11.7 
12.2 
12.7 
A521 
13.6 
14.1 


14.6 
15.0 
15.5 
16.0 
16.4 
16.9 
17.4 


18.5 
19.4 
20.3 
21.2 
22.1 
23.0 
23.8 
24.7 
25.6 
26.5 


27.4 
28.3 
29.1 
30.0 
30.9 
}} 31.8 
32.7 
33.6] 17.8 
34.4] 18.3 
35.3] 18.8 
36.2} 19.2 
Peet ae ts OY 
38.0] 20.2 
38.8] 20.7 
39.7} 21.1 
)} 40.6] 21.6 
41.5} 22.1 
42.4) 22.5 
43.3} 23.0 
44,1) 23.5 


45.0} 23.9 
45.9| 24.4 
46.8] 24.9 
47.7| 25.4 
55} 48.6] 25.8 
56] 49.4] 26.3 
57} 50.3] 26.8 
58} 51.2] 27.2 
59] 52.1) 27.7 
60} 53.0} 28.2 


Dist.| Dep. 


Lat. 


53.9 
54.7 
55.6 
56.5 
57.4 
58.3 
59.2 
60.0 
60.9 
61.8 
62.7 
63.6 
64.5 
65.3 
66.2 
67.1 
68.0 
68.9 
69.8 
70.6 


71.5 
72.4 
73.3 
74.2 
75.1 
70.9 
76.8 
Vial 
78.6 
79.5 


80.3 
81.2 
82.1 
83.0 
83.9 
84.8 
85.6 
86.5 
87.4 
88.3 


90.1 
90.9 
91.8 
92.7 
93.6 
94.5 
95.4 
96.2 
97.1 


93.0 

98.9 

99.8 
114/}100.7 
115}101.5 
116}102.4 
117/103.3 
118}104.2 
119}105.1 
120|106.0 


TABLE UH. 
Difference of Latitude and Departure for 28°. 


Dep.}Dist.| Lat. | Dep. |Dist.| Lat. 


28.6 
29.1 
29.6 
30.0 
30.5 
31.0. 
31.5 
31.9 
32.4 
32.9 


33.3 
33.8 
34.3 
34.7 
35.2 
35.7 
36.1 
36.6 
B%1 
37.6 


38.0 
38.5 
39.0 
39.4 
39.9 
40.4 
40.8 
41.3 
41.8 
42.3 


42.7 
43.2 
43.7 
44.) 
44.6 
45.1 
45.5 
46.0 
46.5 
46.9 


47.9 
48.4 
48.8 
49.3 
49.8 
50.2 
50.7 
51.2 
51.6 


52.1 
52.6 
53.1 
53.5 
54.0 
54,5 
54.9 
55.4 
55.9 
56.3 


121}106.8 
122}107.7 
123)}108.6 
124}109.5 
125}110.4 
126)111.3 
127)112.1 
128}113.0 
129}113.9 
130}114.8 


131{115.7 
132}116.5 
133}117.4 
134}118.3 
135}119.2 
136/120.1 
137)121.0 
138}121.8 
139}122. 

140}123.6 


141)124.5 
142}125.4 
143]126.3 
144}127.1 
145}128.0 
146}128.9 
147/129.8 
148}130.7 
149}131.6 
150}132.4 


151}133.3 
152}134.2 
153]135.1 
154/136.0 
155}136.9 
156|137.7 
157|138.6 
158)139.5 
159}140.4 
160}141.3 


70.4 


71.4 
71.8) 


72.8 
73.2 


74.6 
40.1 


89.2| 47.4] 161/142.2| 75.6| 
76.1} 


162)143.0 
163} 143.9 
164}144.8 
165}145.7 
166} 146.6 
167)147.5 
168)148.3 
169}149.2 
170}150.1 


171}151.0 
172}151.9 
173}152.7 
174}153.6 
175}154.5 
176)155.4 
177|156.3 
178)157.2 
179|158.0 
180}158.9 


76.5} 
77.0! 
77.5 
77.9) 
78.4 
78.9 
79:3 
79.8 
80.3 
80.7 
81.2 
81.7 
82.2 
82.6 
83.1 
83.6 
84.0 
84.5 


Al 193}170.4 


69.5} 
70.0} 


70.9} 


72.3) 


73.74 
74.2) 


85.0 
85.4 
85.9 
86.4 
86.9 
87.3 
87.8 
88.3 
88.7 
89.2 


89.7 
90.1 
90.6 
H1.1 
91.5 


181}159.8 
182}160.7 
183}161.6 
184}162.5 
185}163.3 
186}164.2 
187|165.1 
188}166.0 
189|166.9 
190}167.8 


191)168.6 
192}169.5 


194}171.3 
195}172.2 


8} 196)173.1 
3] 197|173.9 


198|174.8, 


31 199|175.7 

74 200|176.6 
66.2} 
66.7} 
67.1] 
67.6} 
68.1} 
68.5] 


201|177.5 
202}178.4 
203)179.2 
204|180.1 
205|181.0 
206)181.9 
207|182.8 
208)183.7 
209}184.5 
210}185.4 


211}186.3 

212}187.2 

213}188.1]100.0 
214/189.0}100.5 
215}189.8}100.9 
216}190.7/101.4 
217)191.6)101.9 
218}192.5]102.3 
219}193.4}102.8 
220}194.2)103.3 


| 221|195.11103.8 


222)196.0}104.2 
223)196.9}104.7 
2241197.8}105.2 
225}198.7|105.6 
226|199.5}106.1 
227|200.4|106.6 
228/201.3}107.0 
229|202.21107.5 
230 /}203.1}108.0 


231/204.0/108.4 
232}204.8/108.9 
233|205.71109.4 
234] 206.6}109.9 
235|207.5|110.3 
236] 208.4/110.8 
237|209.3}111.3 
238)210.1/111.7 
239|211.0}112.2 
240] 211.9)112.7 


242}213.7|113.6 
243/214.6)114.1 
244/215.4/114.6 
245/216.3/115.0 
246/217.2)115.5 
247/218.1)116.0 
248)219.0/116.4 
249}219.9/116.9 
250|220.7|117.4 


251}221.6/117.8 
252|222.5/118.3 
253|223.4/118.8 
254/224.3/119.2 
255/225.21119.7 
256|226.0)120.2 
257|226.9|120.7 
258/227.81121.1 
259/228.71121.6 
260}229.6)122.1 


261|230.4]122.5 
262|231.3]123.0 
263|232.2/123.5] 
264/233.1)123.9 
265/234.0/124.4 
266|234.9]124.9 
267|235.7]125.3 
268/236.6)125.8 
269|237.51126.3 
270}238.41126.8 


—— ye 


271|239.3)127.2 
272|240.2 127.7 
273|241.01128.2 
274}241.9|128.6 
275|242.8)129.1 
276|243.7|129.6 
277|244.6}130.0 
278)245.5]130.5 
279|246.3]131.0 
280|247.2)131.5 


281|248.1/131.9 


2821249.01132.4 
2831249.91132.9 
284/250.8/133.3 
285/251.6/133.8 
286}252.51134.3 
287 |253.41134.7 
288/254.31135.2 
289|255.21135.7 
290|256.11136.1 


291|256.91136.6 
292|257.81137.1 
293|258.71137.6 
294|259.6/138.0 
295|260.5]138.5 
296|261.3]139.0 
297 |262,.21139.4 
298} 263.1]139.9 
299|264.0}140.4 
300|264,9/140.8 


Lat. |{Dist.} Dep.| Lat. Dist. Dep.| Lat. |Dist.| Dep.| Lat. [Dist.1 Dep.| Lat. 


62°. 


TABLE II. 
Difference of Latitude and Departure for 29°. 


ee es a 
Ey a 


ist.| Lat. | Dep.|Dist. 


121|105.8 181)158.3 

122}106.7| 59.1) 182)159.2} 88.2) 242/211.7/117.3 
123]107.6} 59.6] 183}160.1] 88.7] 243/212.5]117.8 
124}108.5| 60.1} 184)160.9} 89.2] 2441213.4]118.3 
125}109.3] 60.6] 185)161.8) 89.7] 245/214.3]118.8 
126)110.2) 61.1) 186)162.7} 90.2) 246)215.2)119.3 


Dist.{ Dep.| Lat. |Dist. Dep. 


ON on OF OX ON OL EN One 
bo Yb iby & te wtioe 


Lat. |Dist.] Dep. 


127}111.1 
128}112.0 
129/112.8 
130]113.7 


131}114.6 
132}115.4 
133}116.3 
134}117.2 
135}118.1 
136}118.9 
137}119.8 
138}120.7 
139}121.6 
140)122.4 


141/123.3 
142|124.2 
143]125.1 
144]125.9 
145]126.8 
146]127.7 
147|128.6 
148]129.4 
149]130.3 
150]131.2 
151)132.1 
152]132.9 
153}133.8 
154|134.7 
155]135.6 
156|136.4 
157|137.3 
158]138.2 
159]139.1 
160139.9 


161}140.8 
162}141.7 
163}142.6 
164}143.4 
165}144.3 
166}145.2 
167/146.1 
168}146.9 
169}147.8 
170}148.7 


1711149.6 
172}150.4 
173}151.3 
174}152.2 
175}153.1 


25 


187}163.6] 90.7 
188}164.4} 91.1 
189}165.3] 91.6 
190}166.2} 92.1 


191)167.1| 92.6 
192}167.9} 93.1 
193}168.8] 93.6 
194]169.7| 94.1 
195}170.6} 94.5 
196}171.4 
197|172.3 
198}173.2 
199}174.0 
200}174.9 


201}175.8 
202}176.7 
203)177.5 
2041178.4 
205}179.3 
206)180.2 
2071181.0|100.4 
208/181.9}100.8 
209)182.8/101.3 
210}183.7]101.8 


211)184.5)102.3 
212}185.4/102.8 
213}186.3}103.3 
214)187.2}103.7 
215)/188.0}104.2 
216)188.9)104.7 
217)189.8}105.2 
218}190.7|105.7 
219)191.5}106.2 


| 220)192.4)106.7 


221/193.3}107.1 
222)194.2|107.6 
223)195.0}108.1 
224|195.9}108.6 
225}196.8}109.1 
226)197.7|109.6 
227)198.5}110.1 
228)199.41119.5 
229)200.3]111.0 
230/201.2)111.5 


231/202.0|112.0 
232)202.91112.5 
233)/203.8/113.0 
234)/204.7|113.4 
235)205.5}113.9 
236|206.4)114.4 
237|207.3}114.9 
238)208.2/115.4 
239|209.0]115.9 
240}209.9/116.4 


247|216.0}119.7 
248|216.91120.2 
249|217.8}120.7 
250|218.7)121.2 


251/219.5|121.7 
2521220.4122.2 
2531221.3}122.7 
254|222.2|123.1 
255|223.0|123.6 
223.9]124.1 
224,8|124.6 
225.7|125.1 
226.51125.6 
227.41126.1 


228.31126.5 
229.21127.0 
230.0}127.5 
264/230.9|128.0 
265}231.8)128.5 
266|232.6]129.9 
267 |233.5]129.4 
268|234.4/129.9 
269|235.3}130.4 
270|236.1]130.9 


27 1)237.0)131.4 
272/237.91131.9 
273)238.81132.4 
274|239.6|132.8 
275/240.5] 133.3 
276|241.4]133.8 
277 \242.31134.3 
243.1}134.8 
244.0}135.3 
244.9}135.7 


245.8}136.2 
246.6|136.7 
3|247.5|137.2 
248.4/137.7 
285)/249.3|138.2 
286|250.1)138.7 
287 |251.0}139.1 
288|251.9)139.6 
289/252.8/140.1 
290}253.6]140.6 


291 |254.5/141.1 
292/255.41141.6 
293 |256.31142.0 
294 |257.1)142.5 
295|258.0) 143.0 
258.9) 143.5 
1259.8]144.0 
260.6)144.5 
9|261.5}145.0 
262.4,145.4 


Lat. |Dist.| Dep.| Lat. [Dist.| Dep.{ Lat. 


GI" 


ist.| Lat. 


a Op fe es a pee ee ae Ny eet Oe ee rey ee ts 


oO} 161/139.4 
OF 162/140.3 


TABLE II. 


Difference of Latitude and Departure for 30°. 


Lat. 


52.8 
Dod 
54.6 
55.4 
56.3 
57.2 
58.0 
58.9 
59.8 
60.6 
61.5 
62.4 
63.2 
64.1 
65.0 
65.8 
66.7 
67.5 
68.4 
69.3 


70.1 
71.0 
yaw 
72.7 
73.6 
74.5 
75.3 
76.2 
77.1 
149 


78.8 
19.4 
80.5 
81.4 
82.3 
83.1 
84.0 
84.9 
85.7 
86.6 


87.5 
88.3 
89.2 
90.1 
90.9 
91.8 
92.7 
93.5 
94.4 
99.3 


5] 129 
OF 130 
Li P31 
0} 132 
3.0} 133)115.2 
.O} 134/116.0 
OP 130 
| 136 
Shi hoy 


5] 139 
‘0 140 


oo} 141 


0} 1221105.7 


123}106.5 


0} 124]}107.4 
po} 125 


108.3 
109.1 
110.0 
110.9 
111.7 
112.6 


126 
127 
128 


114.3 


116.9 
117.8 
118.6 
119.5 
120.4 
121.2 


122.) 
123.0 


138 


142 


51 143/123.8 


144)124.7 


5} 145/125.6 


146)126.4 
147|127.3 


OF} 148)128.2 


149/}129.0 


OF 1501129.9 


—_—_—_— OO I OO I | SE | 


I 151/130.8 
0} 152/131.6 
BP 153]132.5 
OF 154/133.4 
5} 155|134.2 
OF 156|135.1 
5} 157|136.0 
0} 158]136.8 
5} 159|137.7 


160/138.6 


163}141.2 


0] 164/142.0 


165|142.9 
166)}143.8 
167| 144.6 
168) 145.5 
169|146.4 


0} 170/147.2 


Dep.|Dist. 
00.5} 61 
01.0} 62 
01.5) 63 
02.0} 64 
02.5] 65 
03.0] 66 
03.5] 67 
04.0) 68 
04.5; 69 
05.0] 70 
05.5) 71 
06.0} 72 
06.5] 73 
07.0) 74 
07.5) 75 
08.0} 76 
08.5] 77 
09.0] 78 
09.5] 79 
10.0} 80 
10.5, 81 
11.0} 82 
11.5} 83 
12.0} 84 
12.5) 85 
13.0] 86 
13.5] 87 
14.0} 388 
14.5) 89 
15.0} 90 
13.51.91 
16.0} 92 
LO.Sh igo 
17.0} 94 
17.5] 95 
18.0] 96 
18.5) 97 
19.0} 98 
19.57 99 
20.0} 100 
20.5} 101 
21.0} 102 
21.5} 103 
22.0) 104 
22.5) 105 
23.0] 106 
23.5} 107 
24.0} 108 
24.5} 109 
25.0] 110 
25.5} 111 
26.0} 112 
26.5} 113 
27.0} 114 
27.5] 115 
28.0} 116 
28.5] 117 
29.0} 118 
29.5] 119 
30.0] 120 


96.1 
97.0 
07.9 
98.7 
99.6 


5} 171)148.1 
OF 172 
56.5] 173 
0} 174)156.7 


175|151.6 
176)152.4 
177 
178 
179 
180 


113.4| | 


Dep.jDist.| Lat. | Dep. Dist. Lat. 


4.5) 189 
0] 190 
65.5, 191 
| 192 


77.0 
77.5 


78.0} 


78.5 
79.0 


79.5) 


80.0 


80.5 
81.0 
81.5 
82.0 
82.5 
83.0 


83.5] 


84.0 
84.5 
85.0 


86.5 
87.0 


87.5} 
88.0] 
88.5 


| 184/159.3 
5} 185|160.2 


| 196 
38.5] 197 
0} 198 


| 200 
70.5} 201 
‘O01 202 
51 203 
‘08 204 


0} 208 
5} 209 
| 210 
5] 211 
| 212 
76.5} 


| 22] 


| 231 


85.5] 


86.01 


| 240 


181/156.8 
182|157.6 
183|158:5 


90.5 
91.0 
91.5 
92.0 
92.5 
93.0 
93.5 
94.0 


186)161.1 
187|161.9 
188|162.8 
163.7) 94.5 
164:5| 95.0 


165.4} 95.5 
166.3) 96.0 
167.1} 96.5 
168.0| 97.0 
168.9| 97.5 
169.7| 98.0 
170.6] 98.5 
171.5} 99.0 
172.3) 99.5 
173.2|100-:0 


174.1|100.5 
174.9|101.0 
175.8|101.5 
176.7|102.0 
205)177.5|102.5 
206|178.4|103.0 
207|179.3|103.5 
180.1|104.0 
181,0]104.5 
181.9|105.0 


182.7|105.5 
183.6]106.0 
184.5|106.5 
185.3|107.0 
186.2|107.5 
187.1|108.0 
187.9|108.5 
188.8]109.0 
189.7|109.5 
190.5|110.0 


193 
194 
195 


199 


213 
214 
215 
216 
217 
218 
219 
220 


191.4)110.5 
192.3}111.0 
193.1}111.5 
194.0}112.0 
194.9}112.5 
195.7|113.0 
196.6|113.5 
197.5|114.0 
198.3}114.5 
199.2)115.0 


200.1)115.5 
200.9/116.0 
201.8/116.5 
202.6/117.0 
203.5|117.5 
204.4|118.0 
205.2)118.5 
206.1}119.0 
207.0)119.5 
207.8)|120.0 


2292 
223 
224 
225 
226 
227 
228 
229 
230 


232 
233 
234 
239 
236 
237 
238 
239 


Dep{Dist.| Lat. | Dep. 


‘Dep.| Lat. [Dist. 


241|208.7/120.5 
242/}209.6)121.0 
243 |210.4/121.5 
244/211.3)122.0 
245/212.2)122.5 
246)|213.0|123.0 
247 /213.9)123.5 
248|214.8|)124.0 
249/215.6)124.5 
250/216.5|125.0 


251)217.4)125.5 
252|218:2|126.0 
253)219.1|126.5 
254|220.0|127.0 
255|220.8/ 127.5 
256|221.7/128.0 
257 |222.6/128.5 
258)/223.4)129.0 
259|224:3)129.5 
260|225.2|130.0 


261 |226:0|130.5 
262|226.9|131.0 
263|227.8|131.5| 
264 '228.6|132.0 
265|229.5|132.5 
266|230.4|133.0 
267|231.2)133.5 
268|232.11134.0 
269|233.0]134.5 
270|233.8|135.0 


_——$—— | ——_—_ | —-—____ 


971|234.7|135.5 
272|235.6|136.0 
273|236.41136.51 
274|237.3|137.0 
275|238.2|137.5 
276|239.0|138.0 
277|239.9|138.5 
278|240.8|139.0| - 
279}241.61139.5 
280|242.5|140.0 


—— 


eS pe SS ee) eee 


261|243.4/140.5 
262/244.2/141.0 
283/245.1|141.5 
284/246.0|142.0 
-285|246.8|142.5 
286|247.7|143.0 
287|248.5)143.5 
288/249.4/144.0 
289/250.31144.5 
290|251.1|145.0 
291/252.0|145.5 
292)252.9|146.0 
293|253.7|146.5 
294 |254.61147.0 
295/255.5|147.5 
296 256.3]148.0 
297 |257.2)148.5 
298)/258.11149.0 
299 258.9|149.5 
300/ 259.8) 150.0 


ee 


TABLE II. 


51 
Difference of Latitude and Departure for 31°. 

Dist.} Lat. | Dep.jDist.| Lat. | Dep.}Dist.} Lat. | Dep.|Dist.] Lat. | Dep.{Dist.} Lat. Dep. 
1) 00.9) 00.5) 61) 52.3) 31.4] 121/103.7| 62.3] 181|155.1} 93.2) 241|206.6|124.1 
2] 01.7) 01.0} 62) 53.1} 31.9] 122/104.6| 62.8] 182/156.0) 93.7] 242/207.4)124.6 
3} 02.6] 01.5] 63] 54.0) 32.4] 123/105.4] 63.3} 183/156.9] 94.3] 243/208.3/125.2 
4| 03.4] 02.1] 64) 54.9) 33.0} 124)106.3) 63.9] 184/157.7| 94.8] 244/209.1|125.7 
5| 04.3] 02.6] 65} 55.7] 33.5] 125/107.1| 64.4] 185/158.6] 95.3] 245/210.0/126.2 
6} 05.1) 03.1f 66) 56.6 126)108.0| 64.9] 186/159.4| 95.8) 246/210.9/126.7 
7; 06.0} 03.6] 67) 57.4 127|108.9| 65.4] 187|160.3) 96.3] 247/211.7/127.2 
8} 06.9] 04.1) 68] 58.3 128|109.7| 65.9] 188/161.1] 96.8] 248/212.6|127.7 
9} 07.7] 04.6] 69} 59.1 129}110.6| 66.4] 189|162.0| 97.3] 249|213.4|128.2 

10} 08.6} 05.2] 70} 60.0 130|111.4) 67.0] 190)162.9) 97.9) 250/214.3)128.8 
Ii} 09.4] 05.7) 71) 60.9 131|112.3| 67.5] 191/163.7) 98.4] 251/215.1|129.3 
12; 10.3] 06.2] 72) 61.7 132}113.1] 68.0] 192|164.6| 98.9] 252/216.0)129.8 
13] 11.1] 06.7] 73) 62.6 133)114.0} 68.5] 193)165.4) 99.4] 253/216.9|130.3 
14} 12.0] 07.2] 74] 63.4 134/114.9) 69.0] 194|166.3) 99.9} 254/217.7|130.8 
15] 12.9) 07.7] 75) 64.3 135}115.7| 69.5] 195/167.1|100.4] 255/218.6/131.3 
16} 13.7} 08.2) 76) 65.1 136}116.6| 70.0} 196/168.0|100.9] 256/219.4)131.8 
17| 14.6] 08.8] 77} 66.0 137|117.4| 70.6] 197|168.9]101.5] 257/220.3/132.4 
18} 15.4] 09.3} 78] 66.9 138}118.3} 71.1] 198}169.7/102.0] 258/221.1)132.9 
19] 16.3] 09.8] 79] 67.7 139)119.1] 71.6] 199]170.6/102.5} 259/222.0}133.4 
20| 17.1] 10.3] 80] 68.6 140/120.0| 72.1] 200|171.4/103.0} 260|222.9/133.9 
21} 18.0} 10.8] 81} 69.4 141|120.9| 72.6] 201/172.3|103.5] 261)223.7|134.4 
22) 18.9] 11.3] 82] 70.3 142/121.7| 73.1] 202)173.1/104.0| 262|224.6|134.9 
23} 19.7} 11.8] 83) 71.1 143)122.6) 73.7] 203|174.0|104.6] 263/225.4}135.5 
24) 20.6] 12.4] 84] 72.0 144/123.4| 74.2] 204|174.9/105.1] 264/226.3|136.0 
25} 21.4) 12.9] 85] 72.9 145}124.3| 74.7] 205/175.7/105.6] 265)227.1|136.5 
26} 22.3) 13.4) 86) 73.7 146|125.1} 75.2] 206/176.6|106.1] 266/228.0|137.0 
27| 23.1] 13.9] 87| 74.6 147|126.0} 75.7} 207|177.4|106.6] 267|228.9]137.5 
28) 24.0} 14.4) 88) 75.4 148}126.9| 76.2) 208)178.3/107.1] 268}229.7}138.0 
29| 24.9] 14.91 89] 76.3 8} 149)127.7| 76.7) 209)179.1)107.6] 269}230.6|138.5 
30| 25.7} 15.5] 90) 77.1 150|128.6| 77.3] 210/180.0/108.2] 270|231.4|139.1 
31} 26.6} 16.0] 91] 78.0 151|129.4| 77.8] 211|180.9|108.7] 271|232.3/139.6 
32} 27.4) 16.5] 92) 78.9 152]130.3| 78.3] 212/181.7|109.2] 272/233.1|140.1 
33) 28.3) 17.0] 93] 79.7 153}131.1] 78.8] 213}182.6}109.7] 273/234.0|140.6 
34) 29.1] 17.5] 94] 80.6 154/132.0] 79.3] 214/183.4]110.2] 274|234.9]141.1 
35} 30.0} 18.0] 95] 81.4 155|132.9| 79.8) 215|184.3/110.7] 275|235.7/141.6 
36] 30.9] 18.5] 96] 82.3 156/133.7| 80.3} 216/185.1]111.2) 276|236.6|142.2 
37) 31.7} 19.1] 97} 83.1 157}134.6|} 80.9] 217)186.0}111.8] 277/237.4|142.7 
38] 32.6] 19.6] 98] 84.0 158|135.4| 81.4] 218/186.9]112.3] 278/238.3]143.2 
39| 33.4] 20.1] 99] 84.9 159|136.3| 81.9] 219}187.7/112.8] 279|239.1|143.7 
40| 34.3} 20.6| 100) 85.7 160/137.1| 82.4] 220/188.6/113.3] 280|240.0)144.2 
41| 35.1] 21.1] 101) 86.6 161/138.0) 82.9] 221/189.4)113.8) 281|240.9/144.7 
42| 36.0] 21.6} 102] 87.4 162|138.9| 83.4] 222/190.3)114.3] 282/241.7|145.2 
43] 36.9} 22.1] 103] 88.3 163/139.7| 84.0] 223/191.1/114.9] 283/242.61145.8 
44| 37.7) 22.7] 104) 89.1 164/140.6| 84.5] 224/192.0)115.4] 284/243.4|146.3 
45| 38.6] 23.2] 105] 90.0 165|141.4] 85.0} 225/192.9/115.9) 285)/244.3) 146.8! 
46) 39.4] 23.7] 106) 90.9 166}142.3| 85.5} 226/193.7|116.4] 286/245.1)147.3 
47) 40.3} 24.2} 107} 91.7 167/143.1} 86.0] 227)194.6/116.9] 287/246.0|147.8 
48] 41.1] 24.7] 108] 92.6 168|144.0| 86.5] 228/195.4|117.4] 2881246.9|148.3 
49| 42.0] 25.2) 109} 93.4 169|144.9| 87.0] 229/196.3]117.9] 389|247.7| 148.8 
50| 42.9] 25.8] 110] 94.3 170|145.7) 87.6] 230/197.1|118.5] 290|248.6|149.4 
51} 43.7] 26.3) 111) 95.1 171|146.6| 88.1] 231/198.0/119.0] 291/249.4/149.9 
52| 44.6] 26.8] 112| 96.0 172/147.4| 88.6 232/198.9/119.5] 292/250.3/150.4 
53) 45.4] 27.3] 113] 96.9 173/148.3) 89.1] 233/199.7|120.0] 293|251.2/150.9 
54) 46.3) 27.8] 114] 97.7 174)149.1} 89.6] 234/200.6)120.5] 294/252.0/151.4 
55} 47.1) 28.3} 115} 98.6 175}150.0} 90.1) 235)201.4)121.0} 295/252.9)151.9 
56) 48.0) 28.8} 116} 99.4 176|150.9| 90.6) 236)/202.3)121.5] 296/253.7|152.5 
57| 48.9} 29.4] 117|100.3 177|151.7| 91.2) 237/203.1|122.1] 297|254.6|153.0 
58] 49.7} 29.9] 118]101.1 178}152.6| 91.7] 238)204.0/122.6] 298|255.4|153.5 
59) 50.6] 30.4] 119|102.0 179|153.4| 92.2] 239/204.9|123.1] 299|256.3|154.0 
60) 51.4} 30.9} 120|102.9 180|154.3] 92.7) 240|205.7|123.6] 300]257.1|154.5 


| J | | hf | | dS - 


Lat. IDist.| Dep.| Lat. [Dist.| Dep.| Lat. |Dist.! Dep.| Lat. 


Dist.! Dep.| Lat. |Dist.| Dep. 
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52 TABLE Il. 


Difference of Latitude and Departure for 32°. 


Dist.} Lat. | Dep.}Dist.| Lat. | Dep.]Dist.| Lat. 


Ce ee ee ee eee 


1} 00.8} 00.5] 61] 51.7) 32.3 
2} 01.7} O1.1] 62) 52.6} 32.9 
3] 02.5] 01.6] 63) 53.4] 33.4 
4} 03.4| 02.1] 64} 54.3] 33.9 
5} 04.2} 02.6] 65] 55.1} 34.4 
6} 05.1} 03.2] 66} 56.0] 35.0 
7| 05.9} 03.7] 67) 56.8) 35.5) 
8} 06.8) 04.2] 68] 57.7] 36.0] 
9} 07.6| 04.8] 69} 58.5] 36.6} 
10} 08.5] 05.3] 70] 59.4} 37.1 
11} 09.3] 05.8] 71] 60.2! 37.6] 
12} 10.2} 06.4) 72) 61.1} 38.2) 
13] 11.0] 06.9} 73] 61.9} 38.7% 
14} 11.9} 07.4] 74] 62.8} 39.2) 
15] 12.7) 07.9] 75) 63.6] 39.7] 


16} 13.6] 08.5] 76} 64.5} 40.35 
17| 14.4] 09.0} 77} 65.3} 40.8} 
18] 15.3) 09.5) 78] 66.1! 41.3} 
19} 16.1) 10.1) 79) 67.0] 41.9} 
20} 17.0] 10.6] 80] 67.8} 42.4) 


22} 18.7) 11.7) 82) 69.5] 43.5) 
23} 19.5] 12.2] 83} 70.4] 44.0} 
24) 20.4) 12.7) 84) 71.2] 44.5] 


25| 21.2) 13.2] 85} 72.1) 45.0} 
26] 22.0} 13.8) 86} 72.9] 45.6} 
27) 22.9] 14.3] 87] 73.8] 46.1] 
28] 23.7] 14.8] 88] 74.6] 46.6 
29) 24.6] 15.4) 89] 75.5] 47.2 
30] 25.4) 15.97 90) 76.3) 47.7 
31] 26.3] 16.4) 91) 77.2) 48.9) 
32] 27.1] 17.0) 92] 78.0} 48.8) 
33] 28.0) 17.5] 93] 78.9] 49.3] 
34] 28.8] 18.0] 94] 79.7} 49.8} 


35} 29.7} 18.5) 95] 80.6] 50.3) 
36} 30.5) 19.1] 96} 81.4] 50.9 
37| 31.4] 19.6] 97) 82.3) 51.4 
38] 32.2} 20.1] 98} 83.1] 51.9} 
39} 33.1] 20.7] 99) 84.0] 52.5) 
40} 33.9] 21.2] 100] 84.8] 53.0 


-_ | OO I I J |} “| 


41) 34.8] 21.7] 101] 85.7] 53.5) 
42) 35.6] 22.3] 102} 86.5] 54.1} 
43] 36.5} 22.8] 103] 67.3) 54.6f 
44) 37.3] 23.3] 104] 88.2] 55.1 
45} 38.2] 23.8] 105] 89.0] 55.6] 
46) 39.0) 24.4] 106] 89.9] 56.2} 
47) 39.9} 24.9] 107] 90.7] 56.7] 
48} 40.7) 25.47 108] 91.6] 57.2 
49). 41.6} 26.0] 109} 92.4] 57.8} 
50] 42.4] 26.5} 110} 93.3! 58.3} 


51} 43.3) 27.0) 111] 94.1) 58.8) 
52) 44.1] 27.6] 112} 95.0) 59.4 
53] 44.9] 28.17 113} 95.8) 59.9 
54| 45.8] 28.6] 114] 96.7] 60.4} 
55} 46.6} 29.1] 115; 97.5) 60.9} 
56] 47.5) 29.7] 116] 98.4) 61.5} 
57| 48.3) 30.2) 117) 99.2) 62.0 
58} 49.2} 30.77 118)100.1) 62.5 
59} 50.0] 31.37 119]100.9] 63.1] 
60} 50.9) 31.8] 120/101.8] 63.6 


21| 17.8] 11.1] 81] 68.7| 42.9] 


Dowwp 


Al 208}176.4]110.2} 
0} 209]177.21110.81 
5) 210]178.1]111.3) 


211]178.9]111.8} 
2121179.8|112.3} 
lj 213]180.6]112.9} 
6} 214/181.5]113.41 
| 2151182.3}113.9} 
216}183.21114.5} 
217|184.0]115.0} 


ay ee ee ee eee ee 


DY)2 


tt 2a 


9) 224 
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SPS PSI 


TABLE I. 


Difference of Latitude and Departure for 33°. 


Dist.| Lat. | Dep.]Dist. 


12] 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 


142 
143 
144 
145 
146 
147 
148 
149 
150 


101.5 
102.3 
103.2 
104.0 
104.8 
105.7 
106.5 
107.3 
108.2 
109.9 


109.9 
110.7 


111.5 
112.4 
113.2 
114.] 
114.9 
E157 
116.6 
117.4 


119.1 
119.9 
120.8 
121.6 
122.4 
123.3 
124.1 
125.0 
125.8 


3.8} 201/168.6/109.5 


241 
242 
243 
244 
245 
246 
247 
248 


182}152.6 
183}153.5 
184} 154.3 
185)/155.2 
186/156.0): 
187/156.8 
188}157.7|102.4 
189/158.5/102.9} 249 
190/159.3/103.5} 250 


191/160.2/104.0] 251 
192|161.0}104.6] 252 
193}161.9/105.1] 253 
194|162.7|105.7] 254 
195]163.5/106.2] 255 


-———— | —___ Jj —___ 
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202.1/131.3 
203.0}131.8 
203.8/132.3 
204.6/132.9 
205.5|133.4 
206.3}134.0 
207.2)134.5 
208.0/135.1 
208.8)135.6 
209.7|136.2 


210.5/136.7 
211.3/137.2 
212.2/137.8 
213.0)138.3 
213.9/138.9 
214.7|139.4 


A] 204]171.1 


196|164.4/106.7] 256 
197|165.2}107.3 
198|166.1|107.8 
199)166.9/108.4 
200|167.7/108.9 


202|169.4 
203}170.3 


110.0 
110.6 
RE 
205/171.9}111.7 
206}172.8/112.2 
207|173.6|112.7 
208}174.4/113.3 
209|175.3}113.8 
210)176.1)114.4 


257/215.5|140.0 
258)/216.4/140.5 
259/217.2/141.] 
260|218.1/141.6 


261/218.9}142.2 
262/219.7|142.7 
263/220.6/143.2 
264/221.4/143.8 
265|222.2/144.3 
266|223.1|144.9 
267/223.9|145.4 
268/224.8 146.0 
269/225.6 146.5 
270/226.4/147.1 


———— | ————— ff 9 — | J yg | — | —————_—_ 


151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 


176 
177 
178 
179 


1 61} 51.2 
2 62] 52.0 
3 63| 52.8 
4 64] 53.7 
5 65) 54.5 
6 66] 55.4 
7 67| 56.2 
8 68| 57.0 
9 69| 57.9 
10 70| 58.7 
1] 71} 59.5 
12 72; 60.4 
13 73| 61.2 
14 74| 62.1 
15 75| 62.9 
16 76| 63.7 
17 77| 64.6 
18 78) 65.4 
19 79| 66.3 
20 80! 67.1 
21 81] 67.9 
22 82] 68.8 
23 83] 69.6 
(24 84] 70.4 
25 85) 71.3 
26 86] 72.1 
27 87| 73.0 
28 88] 73.8 
29 89) 74.6 
30 90} 75.5 
31 91} 76.3 
32 9212 77:2 
33 93) 78.0 
34 94] 78.8 
35 95) 79.7 
36 96] 80.5 
37 97) 81.4 
38 98} 82.2 
39 99) 83.0 
40 100} 83.9 
4] 101} 84.7 
42 102} 85.5 
43 103} 86.4 
44 104} 87.2 
45 105} 88.1 
46 106] 88.9 
47 107| 89.7 
48 108} 90.6 
49 109} 91.4 
50 110} 92.3 
51 111] 93.1 
52 112] 93.9 
53 113} 94.8 
54 114} 95.6 
5d 115} 96.4 
56 116} 97.3 
57 117| 98.1 
58 118} 99.0 
59 119} 99.8 
60 120}100.6 


180 


126.6 
127.5 
128.3 
129.2 
130.0 
130.8 
131.7 
132.5 
133.3 
134.2 


211}177.0)114.9 
212)177.8)115.5 
213}178.6/116.0 
214}179.5/116.6 
215)180.3/117.1 
216)181.2}117.6 
217/182.0)118.2 
218|182.8)118.7 
219}183.7|119.3 
220/184.5}119.8 


271|227.3/147.6 
272|228.1/148.1 
273|229.0|148.7 
2741229.8|149.2 
275|230.6149.8 
276|231.5|150.3 
277|232.3|150.9 
278|233.2/151.4 
279/234.0/152.0 
280/234.8)152.5 


—_——_ | ————~ | —\ “er |e yc lcm \iqcrwm 


135.0 
135.9 
136.7 
137.5 
138.4 
139.2 
140.1 
140.9 
141.7 
142.6 


143.4 
144.3 
145.1 
145.9 
146.8 
147.6 
148.4 
149.3 
150.1 
151.0 


ll 2311193.7|125.8 


221/185.3/120.4 
222)186.2/120.9 
2231187.0/121.5 
224|187.9|122.0 
225 |188.7|122.5 
226|189.5/123.1 
227 |190.4|123.6 
228)/191.2/124.2 
229/192.1|124.7 
230)}192.9)125.3 


232|194.6|126.4 
233}195.4/126.9 
234)196.2/127.4 
235)197.1|128.0 
236|197.9/128.5 
237/|198.8/129.1 
238|199.6|129.6 
239)}200.41130.2 
240)201.3)130.7 


281|235.7/153.0 
282/236.5/153.6 
283|237.3|154.1 
284|238.2|154.7 
285/239.0/155.2 
286/239.9/155.8 
287/|240.7|156.3 
288/241.5|156.9 
289|242.4/157.4 
290|243.2}157.9 
291|244.1)158.5 
292|244.9|159.0 
293)245.7|159.6 
294|246.6|160.1 
295)|247.4|160.7 
296|248.2|161.2 
297/249, 1/161.8 
298}249.9)162.3 
299/250.8) 162.8 
300|251.6|163.4 


Dist.| Dep. Lat. {Dist.|Dep. | Lat. [Dist.| Dep. “Lat. |Dist. Dep.| Lat. [Dist.] Dep.| Lat. 
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54 ) TABLE II. 
Difference of Latitude and Departure for 34°. 


Dist.| Lat. | Dep.{Dist.| Lat. | Dep.[Dist.} Lat. | Dep.[Dist.| Lat. 


1} 00.8] 00.6) 61} 50.6) 34.1) 121]100.3} 67.7] 181)150.1]101.2] 241 |199.8)134.8 
2} 01.7] 01.1} 62] 51.4] 34.7] 122]101.1} 68.2] 182)150.9]101.8] 242 |200.6)/135.3 
3} 02.5} 01.7] 63} 52.2) 35.2) 123]102.0) 68.8] 183)151.7}102.3] 243 |201.5)/135.9 
A} 03.3] 02.2] 64] 53.1] 35.8] 124]102.8) 69.3] 184]152.5}102.9} 244 |202.3)136.4 
5] 04.1] 02.8) 65} 53.9] 36.3] 125]103.6) 69.9] 185/153.4|103.5| 245/203.1)137.0 
6 
7 
8 
9 


05.0] 03.4] 66] 54.7} 36.9] 126]104.5! 70.5] 186)154.2/104.0} 246/203.9/137.6 
05.8] 03.9] 67] 55.5) 37.5] 127/105.3} 71.0] 187/155.0)104.6| 247/204.8)138.1 
06.6] 04.5] 68] 56.4} 38.0] 128}106.1| 71.6] 188)155.9|105.1] 248/205.6/138.7 
07.5] 05.0] 69] 57.2} 38.6] 129]106.9| 72.1] 189)156.7|105.7| 249/206.4|139.2 
10] 08.3} 05.6] 70] 58.0] 39.1] 130}107.8) 72.7] 190|157.5)106.2| 250)207.3)139.8 


SSS leet coer eo al decal perl ino elo 3 ari ee nee ee 


11} 09.1] 06.2] 71] 58.9} 39.7] 131]108.6| 73.3] 191)158.3)106.8} 251/208.1)140.4 
12] 09.9] 06.7] 72] 59.7| 40.3] 132]109.41 73.8] 192|159.2|107.4| 252/208.9)140.9 
13] 10.8} 07.3] 73} 60.5} 40.8] 133}110.3| 74.4] 193/160.0)107.9] 253)209.7/141.5 
14] 11.6] 07.8] 74] 61.3) 41.4] 134]111.1| 74.9] 194/160.8)108.5} 254)210.6]142.0 
15| 12.4] 08.4] 75} 62.2) 41.9} 135)111.9) 75.5] 195|161.7/109.0} 255)211.4/142.6 
16] 13.3] 08.9] 76} 63.0] 42.5} 136]112.7| 76.1] 196|162.5|109.6} 256)212.2)143.2 
17| 14.1} 09.5] 77] 63.8} 43.1] 137]113.6| 76.6] 197|163.3}110.2] 257/213.1)143.7 
18] 14.9} 10.1] 78] 64.7| 43.6] 138]114.4| 77.2] 198)164.1}110.7] 258/213.9)144.3 
19] 15.8} 10.6] 79} 65.5] 44.2) 139]115.2| 77.7] 199)165.0)111.3] 259)/214.7|144.8 
20| 16.6} 11.2] 80] 66.3] 44.7] 140]116.1} 78.3] 200)165.8]111.8) 260/215.5)145.4 


ef ef gf fF | | J | of 


21) 17.4) 11.7) 81) 67.2) 45.3] 141]116.9| 78.8] 201|166.6)112.4) 261)216.4)145.9 
22) 18.2] 12.3] 82] 68.0} 45.9] 142]117.7| 79.4] 202/167.5)113.0] 262/217.2)146.5 
23} 19.1) 12.9] 83] 68.8) 46.4] 143]118.6} 80.0] 203/168.3]113.5) 263/218.0/147.1 
24) 19.9] 13.4] 84] 69.6] 47.0] 144/119.4| 80.5} 204/169.1}114.1] 264/218.9|147.6 
25) 20.7] 14.0] 85) 70.5) 47.5] 145]120.2} 81.1] 205/170.0}114.6] 265)219.7|148.2 
26) 21.6} 14.5] 86} 71.3} 48.1] 146]121.0} 81.6] 206/170.8}115.2]| 266|220.5}148.7 
27| 22.4] 15.1f 87) 72.1) 48.6} 147/121.9| 82.2] 207/171.6]115.8] 267)221.4|149.3 
28| 23.2) 15.7] 88] 73.0) 49.2] 148]122.7) 82.8] 208/172.4}116.3] 268/222.2/149.9 
29| 24.0) 16.2) 89) 73.8) 49.6] 149]123.5) 83.3) 209|173.3]116.9] 269)/223.0}150.4 
30} 24.9] 16.8] 90) 74.6) 50.3] 150]124.4| 83.9} 210)174.1}117.4] 270/223.8/151.0 


_—_———_ | -— | — J FE | YE I | J! 


31| 25.7| 17.3) 91] 75.4] 50.9] 151]125.2| 84.4) 211/174.9]118.0] 271/224.7|151.5 
32| 26.5) 17.9} 92] 76.3] 51.4] 152]126.0) 85.0] 212/175.8}118.5] 272)225.5}152.1 
33} 27.4] 18.5) 93) 77.1) 52.0] 153]126.8] 85.6] 213)176.6)119.1] 273|226.3]152.7 
34] 28.2] 19.0} 94] 77.9) 52.6) 154]127.7| 86.1} 214/177.4|119.7) 274|227.2]153.2 
35] 29.0] 19.6f 95} 78.8) 53.1} 155/128.5] 86.7] 215)178.2|120.2) 275/228.0)153.8 
36] 29.8] 20.1] 96) 79.6) 53.7) 156]129.3) 87.2] 216/179.1}120.61 276/228.8]154.3 
37| 30.7] 20.7] 97) 80.4) 54.2) 157]130.2) 87.8] 217/179.9}121.3] 2771/229.6|154.9 
38} 31.5] 21.2] 98) 81.2} 54.87 158)131.0) 88.4] 218)180.7)121.91 278/230.5/155.5 
39} 32.3] 21.8] 99) 82.1] 55.4) 159/131.8] 88.9] 219/181.6]122.5} 279)/231.3/156.0] © 
40} 33.2] 22.41 100] 82.9] 55.9] 160}132.6| 89.5] 220)182.4|123.0} 280/232.1|156.6 


iE 22.9] 101] 83.7| 56.5| 161/133.5| 90.0] 221|183.2/123.6| 2811233,0|157.1 


34.8] 23.5] 102] 84.6] 57.0] 162)134.3) 90.6] 222)184.0/124.1] 282/233.8)157.7 
35.6] 24.07 103] 85.4) 57.6) 163]135.1) 91.1] 223)184.9)124.7] 283|234.6|158.3 
36.5] 24.6] 104] 86.2} 58.2] 164/136.0) 91.7] 224|185.7|125.3] 284/235.4|158.8 
37.3} 25.21 105] 87.0) 58.7] 165/136.8) 92.3] 225|186.5|125.8] 285|236.3}159.4 
}} 38.1) 25.77 106] 87.9] 59.3] 166}137.6) 92.8] 226/187.4|126.4] 286|/237.11159.9 
47| 39.0) 26.3) 107) 88.7] 59.8] 167|138.4| 93.4] 227/188.2|126.9' 287/237.9|160.5 
39.8! 26.8} 108] 89.5} 60.4] 168}139.3) 93.9] 228)189.0|127.5) 288)/238.8]161.0 
40.6) 27.4] 109) 90.4} 61.0] 169}140.1) 94.5] 229|189.8}128.1] 289)239.6}161.6 
41.5) 28.0] 110) 91.2} 61.5 170}140.9) 95.1} 230)190.7|128.6] 290|240.4|162.2 


— | ——— | um j—q§— | ume | __ j___ | =< a ee =a 


42.3} 28.5] 111] 92.0) 62.1 171]141.8) 95.6] 231/191.5|129.2) 2911241.2/162.7 
43.1) 29.1] 112) 92.9} 62.6] 172]}142.6] 96.2} 232}192.3}129.7] 292/242.11163.3 
43.9) 29.67 113) 93.7] 63.2) 173}143.4| 96.7] 233}193.2|130.3] 293/242.91163.8 
54| 44.8} 30.2] 114) 94.5] 63.7] 1741144.3] 97.3] 234)194.0}130.9] 294/243.7|164.4 
45.6) 30.8) 115) 95.3) 64.3] 175]145.1} 97.9] 235}194.8]131.41 295/244.6]165.0 
46.4] 31.3} 116} 96.2) 64.9} 176]145.9) 98.4] 236]195.7|132.0] 296'245.4|165.5 
47.3} 31.9] 117) 97.0) 65.4] 177|146.7| 99.0] 237|196.5}132.5} 297 |246.2|166.1 
48.1) 32.4] 118 97.8] 66.0] 178/147.6| 99.5] 238/197.3)133.1] 298/247.11166.6 
48.9) 33.0] 119] 98.7) 66.5] 179)148.4/100.1} 239]198.1|133.6] 299 1247.9|167.2 
49.7) 33.6] 120] 99.5) 67.1} 180|149.2}100.7] 240|199.0]134.2] 300/248.71167.8 


NN eee ee ee ee ee eee eee a ee ee 


Dist.| Dep.{ Lat. [Dist.} Dep.| Lat. |Dist.} Dep.| Lat. |Dist.| Dep.| Lat. Dist.| Dep. Lat. | 


TABLE II. 


DD 


Difference of Latitude and Departure for 35°. 


82.7| 57.9 


Lat.,| Dep.|Dist. Lat. | Dep.[Dist. 


50.0} 35.0 
50.8] 35.6 
51.6] 36.1 
52.4) 36.7 
53.2} 37.3 
54.1} 37.9 
54.9] 38.4 
55.7} 39.0 
56.5) 39.6 
57.3| 40.2 
58.2| 40.7 
59.0] 41.3 
59.8} 41.9 
60.6} 42.4 
61.4] 43.0 
62.3) 43.6 
63.1) 44.2 
63.9| 44.7 
64.7} 45.3 
65.5] 45.9 


121| 99.1 
122] 99.9 
123]160.8 
124]101.6 
125|102.4 
126|103.2 
127|104.0 
128]104.9 
129}105.7 
130|106.5 
131|107.3 
132]108.1 
133]108.9 
134|109.8 
135] 110.6 
136] 111.4 
137] 112.2 
138] 113.0 
139]113.9 
140] 114.7 


69.4 
70.0 
70.5 
A\.1 
71.7 
72.3 
72.8 


76.9 
774 
78.0 
78.6 
79.2 
79.7 
80.3 


181}148.3|103.8 
182/149.1|104.4 
183/149.9|105.0 
184|150.7]105.5 
185]151.5|106.1 
186/152.4|106.7 
187|153.2|107.3 
188]154.0|107.8 
189}154.8|108.4 
1901155.6/109.0 


191|156.5|109.6 
192/157.3|110.1 
193}158.1]110.7 
194)158.9]111.3 
195|159.7)111.8 
196)160.6|1124 
197}161.4|113.0 
195]162.2]113.6 
199}163.0]114.1 
200/163.8]114.7 


Lat. | Dep. Dist.| Lat. | Dep. 


2411197.4|138.2 
249|198.2|138.8 
2431199.1|139.41 
244]199.9]140.0 
245|200.7}140.5 
246)201.5|141.1 
247|202.3]141.7 
248|203.1|142.2 
249|204.0]142.8 
250/204.8|143.4 


251)205.6|144.0 
252|206.4)144.5 
253}207.2|145.1 
254/208.11145.7 
255| 208.9) 146.3 
256|209.7|146.8 
257|210.5| 147.4 
258/211.3)148.0 
259)212.2|148.6 
260}213.0}149.1 


66.4} 46.5] 141/115.5} 80.9] 201/164.6]115.3] 2611213.81149.7 


67.2| 47.0 
68.0} 47.6 
68.8} 48.2 
69.6} 48.8 
70.4] 49.3 
71.3} 49.9 
72.1} 90.5 
72.9} 51.0 
73.7| 51.6 


142]116.3 
143]117.1 
144|118.0 
145]118.8 
146]119.6 
147|120.4 
146]121.2 
149]122.1 
150]122.9 


81.4 
82.0 
82.6 
83.2 
83.7 
84.3 
84.9 
85.5 
86.0 


~974.5| 52.2) 1511123.7| 86.6 


75.4 
76.2; 
77.0 
77.8 
78.6 
#25 


52.8 
53.3 
53.9 
54.5 
59.1 
59.6 
80.3} 56.2 
81.1} 56.8 
81.9] 57.4 


87.2 
87.8 
88.3 
88.9 
89.5 
90.1 
90.6 
91.2 
91.8 


1521124.5 
153}125.3 
154]126.1 
155]127.0 
156]127.8 
157|128.6 
158]129.4 
159}130.2 
160/131.1 


83.6 
84.4 
85.2 
66.0 
86.8 


58.5 
59.1 
59.7 
60.2 


161}131.9} 92.3 
162]132.7| 92.9 
163]133.5] 93.5 
164}134.3] 94.1 
165]135.2} 94.6 
166]136.0] 95.2 
167}136.8 
168}137.6 
169}138.4] 96.9 
170}139.3 


| | J | | | M——__ | ———_ 


Dist.| Lat. |Dep. |Dist. 
1{ 00.8] 00.6) 61 
2) 01.6) Ol.1] 62 
3] 02.5| 01.7] 63 
4| 03.3] 02.3] 64 
5] 04.1| 02.9] 65 
6| 04.9] 03.4] 66 
71 05.7| 04.0] 67 
8} 06.6] 04.6] 68 
9] 07.4| 05.2] 69 
10} 08.2} 05.7] 70 

71] 09.0] 06.3] 71 
12] 09.81 06.9] 72 
13| 10.6] 07.5} 73 
14] 11.5} 08.0] 74 
15| 12.3] 08.6] 75 
16] 13.1] 09.2] 76 
17| 13.9] 09.8] 77 
18] 14.7] 10.3] 78 
19] 15.6} 10.9] 79 
20| 16.4) 11.5} 80 
Qi} 17.2| 12.0) 81 
92| 18.0] 12.6] 82 
23| 18.8] 13.2) 83 
24] 19.7] 13.8] 84 
25| 20.5] 14.3) 85 
26| 21.3] 14.9] 86 
27| 22.11 15.5] 87 
28] 22.9] 16.1] 88 
29| 23.8] 16.6] 89 
30] 24.6] 17.2] 90 
31} 25.4| 17.8] 91 
32) 26.2| 18.4] 92 
33} 27.0] 18.9] 93 
34| 27.9] 19.5] 94 
35| 28.7) 20.1] 95 
36| 29.5] 20.61 96 
37| 30.3] 21.21 97 
38] 31.1| 21.8] 98 
39] 31.9| 22.4] 99 
40| 32.8} 22.9} 100 
41| 33.6] 23.5) 101 
42| 34.41 24.1] 102 
43| 35.2) 24.71 103 
44| 36.0] 25.2] 104 
45| 36.9} 25.8] 105 
46| 37.7| 26.4] 106 
47| 38.5] 27.0] 107 
48| 39.3| 27.5] 108 
49} 40.1] 28.1] 109 
50] 41.0] 28.7] 110 
51| 41.8] 29.3} 111 
52| 42.6] 29.8] 112 
53| 43.4] 30.4] 113 
54) 44.2| 31.0] 114 
55) 45.1) 31.5) 115 
56] 45.9] 32.11 116 
57| 46.7| 32.71 117 
58] 47.5] 33.3] 118 
59] 48.3] 33.81 119 
60} 49.1] 34.41 120 


Dist.| Dep. | Lat. |Dist. 


65.4 
66.0 
66.5 
67.1 
67.7 
68.3 
68.8 


171}140.1 
172}140.9 
173}141.7 
1741142.5] 99.8 
175}143.4}100.4 
176} 144.2}100.9 
177|145.0}101.5 
178}145.8]102.1 
179}146.6}102.7 
180}147.4)103.2 


202}165.5}115.9 
203|166.3]116.4 
204/167.11117.0 
205}167.9]117.6 
206|168.7)118.2 
207|169.6}118.7 
208)170.4)119.3 
209)171.21119.9 
210}172.0)120.5 


262|214.6/150.3 
263|215.4|150.9 
264|216.3|151.4 
265|217.1|152.0 
266|217.9]152.6 
267|218.7|153.1 
268|219.5|153.7 
269|220.4|154.3 
270|221.2|154.9 


~231|172.8|121.01 2711222.01155.4 


212)173.7}121.6 
2131174.5|122.2 
214/175 .3} 122.7 
215}176.1|123.3 
216}176.9}123.9 
2171177.8}124.5 
218}178.6|125.0 
219}179,4)125.6 
220)180.2)126.2 


222)181.9)127.3 
223|182.7|127.9 
224/183.5)128.5 
225}184.3)129.1 
226)185.1}129.6 
227|185.9}130.2 
228/186.8|130.8 
229)187.6}131.3 
230/188.4/131.9 


232/190.0)133.1 
233|190.9}133.6 
234)191.7|134.2 
235]192.5|134.8 
236}193.3|135.4 
2371194.1]135.9 
2381195.0}136.5 
239)195.8]137.1 
240}196.6]137.7 


272|222.8)156.0 
273)223.61156.6 
274|224.4]157.2 
275|225.3/157.7 
276|226.1)158.3 
277)226.91158.9 
278)227.71159.5 
279|228.51160.0 
280|229.4/160.6 


282/231.0)161.7 
283)231.8|162.3 
284|232.6/162.9 
285) 233.51163.5 
286|234.3]164.0 
287)235.1}164.6 
288} 235.9/165.2 
289|236.7)|165.8 
290|237.6)166.3 


A] 231/189.2/132.5] 2911238.4|166.9 


2921239.2|167.5 
293}240.01168.1 
294/240.8/168.6 
295)|241.6}169.2 
296|242.5|169.8 
297|243.3/170.4 
298)}244.1/170.9 
299)244.91171.5 
300}245.7}172.1 


Dep.| Lat. {Dist.| Dep.| Lat. {Dist. Dep.| Lat. |Dist.| Dep. Lat. 


Cad 


00°. 


Lat. 


Dep. pie fae 


Dep.{Dist.| Lat. |Dep. |Dist.} Lat. 


TABLE II. 
Difference of Latitude and Departure for 36°. 


Dep. Dist. Lat. | Dep. 


ee ee a, ey Ps ey eee ee ee 


24.3 


31| 25.1] 18.2 


25.9) 16.8 
26.7| 19.4 
20.0 
20.6 
21.2 
21.7 
22.3 
22.9 
23.5 
2) 24.1 
QO} 24.7 
84 2d. 
6 
d 


25.9 
26.5 
27.0 
27.6 
28.2 
28.8 
29.4 


30.6 
31.2 
S157 
32.3 
32.9 
33.5 
34,1 
34.7 
01 90.3 


30.0 


SAUTE 
FS 


62.9 
63.5 
64.1 
64.7 


65.2 


65.8 
66.4 
67.0 
67.6 
68.2 


130 


1514122.2 


122 
123 
124 
125 
126 
127 
128 
129 


131 
132 
133 
134 
135 
136}110.0) 79.9 
137]110.8 
138}111.6 
139}112.5 
140/113.3] 82.3 


141}114.1 
142}114.9 
143]115.7| 84.1 
144/116.5 
145]117.3 
146]118.1 
147}118.9 
148}119.7 
149}120.5 
150}121.4] 88.2 


152}123.0] 89.3 
153}123.8 
154]124.6] 90.5 
155|125.4 
156}126.2 
157}127.0| 92.3 
158]127.8} 92.9 
1591128.6 
160}129.4} 94.0 


~761|130.3] 94.6 


162|131.1 
163}131.9 
164]132.7 
165}133.5 
166}134.3 
167}135.1 
168]135.9| 98.7 
169}136.7| 99.3 
170}137.5] 99.9 


171138.31100.5} 23 


172/139.2{101.1 
173}140.0}101.7 
174/140.8)102.3 
175|141.6]102.9 
176}142.4}103.5 
177|143.2]104.0 
178} 144.0}104.6 
179|144.81105.2 
fee 145.6}105.8 


181]146.4|106.4 
182}147.2}107.0 
183}148.1/107.6 
184}148.9)108.2 
185}149.7/108.7 
186] 150.5)109.3 
187} 151.3} 109.9 
188} 152.1]110.5 
189}152.9)111.1 
190)153.7)111.7 


191}154.5)112.3 
192}155.3]112.9 
193}156.1}113.4 
194]156.9}114.0 
195}157.6}114.6 
196}158.6}115.2 
197|159.4}115.8 
198}160.2}116.4 
199}161.0}117.0 
200}161.8)117.6 


201}162.6/118.1 
202|163.4)118.7 
203|164.2}119.3 
204|165.0)119.9 
205]165.8/120.5 
206}166.7}121.1 
207|167.5}121.7 
208} 168.3]122.3 
209]169.1)122.8 
210|169.9)123.4 


211}170.7)124.0 


2121171.5}124.6 
213]172.3)125.2 
214]173.1}125.8 
215}173.9|126.4 
216|174.7|127.0 
217|175.6)127.5 
218]176.4}128.1 
219]177.2)128.7 
220)178.0/129.3 


221}178.8/129.9] 281/227.3)165.2 


222)179.6|130.5 
223|180.41131.1 
224{181.2}131.7 
225|182.0)132.3 
226|182.8]/132.8 
227|183.61133.4 
228)}184.51134.0 
229/185.31134.6 
230}186.11135.2 


—_——— |__| J J 


2311186.9|135.8 
2391187711364 
933|188.51137.0 
234{189.3|137.5 
235/190.1]138.1 
236/190.9/138.7 
9371191.7|139.3 
2381192.51139.9 
9391193.4]140.5 
GR 21141.1 


aw 


2711219.21159.3 


2411195.0)141.7 
2421195.8|142.2 
2431196.6|142.8 
244]197.4|143.4 
245|198.2)144.0 
246|199.0)144.6 
247|199.8)145.2 
248)200.6] 145.8! 
249/201.4)146.4 
250}202.3/146.9 


251}203.1]147.5 
252]203.9/148.1 
253/204.7/148.7 
254|205.5)149.3 


261/211.2)153. 
262/212.0)154. 
263/212.8/154 


6 


269/217.6)158.1 
270}218.4|158.7 


272|220.1]159.9 
273)220.9|160.5 
274|221.7/161.1 
275|222.51161.6 
276|223.3| 162.2 
277|224.1/162.8 
278|224.91163.4 
279|225.71164.0 
280)226.51164.6 


282)228.1/165.8 
283}229.0|166.3 
284/229.8]/166.9 
285 |230.6|167.5 
286/231.44168.1 
287 |232.21/168.7 
288)233.0/169.3 
289|233.8)169.9 
290/234.6)170.5 


291)235.4]171.0 
292'236.21171.6 
293|237.0}172.2 
294)237.9}172.8 
295|238.71173.4 
296} 239.5]174.0 
297 |240.3)174.6 
298/241.1]175.2 
299}241.91175.7 
a 242.7 176.3 3 


5°. 


SG REE 


TABLE 


II. 


Difference of Latitude and Departure for 37°. 


Dist. 


— 
peewee ce 2: 
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a ee ee ee 
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Lat. | Dep.]Dist. 


00.8 
01.6 
02.4 
03.2 
04.0 
04.8 
05.6 
06.4 
07.2 
08.0 


00.6 
01.2 
01.8 
02.4 
03.0 
03.6 
04.2 
04.8 
05.4 
06.0 


08.8] 06.6 


09.6 
10.4 


| 11.2 


12.0 
12.8 
13.6 
14.4 
15.2 
16.0 
16.8 
17.6 
18.4 
19.2 
20.0 
20.8 
21.6 
22.4 
23.2 
24.0 


24.8 
25.6 


07.2 
07.8 
08.4 
09.0 
09.6 
10.2 
10.8 
11.4 
12.0 


12.6 
13.2 
13.8 
14.4 
15.0 
15.6 
16.2 
16.9 
17.5 
18.1 


18.7 
1.3 
19.9 
20.5 
21.1 
21.7 
22.3 
22.9 
23.5 
24.1 


24.7 
25.3 
25.9 
26.5 
27.1 


61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
ri) 
80 


81 
82 
83 
84 
85 
86 
87 
88 
89 
90 


91 
92 
93 
94 
95 


Lat. | Dep.|Dist.} Lat.:| Dep.[Dist.|' Lat. | Dep.]Dist.] Lat. } Dep. 


— - | —————. | —_——————_ J ————_ | ——————_._ | | | I —_ cr l-—_— i — | 


241}192.5)145.0 
242)193.3)145.6 
243|194.1)146.2 
244|194.9/146.8 
245|195.7|147.4 


48.7 
49.5 
50.3 
51.1 
51.9 
52.7 
53.5 
94.3 
09.1 
59.9 
96.7 
57.5 
58.3 
09.1 
59.9 
60.7 
61.5 
62.3 
63.1 
63.9 
64.7 
65.5 
66.3 
67.1 
67.9 
68.7 
69.5 
70.3 


NNN 
to CC OONTS 
te to or 


00 G0 OD CO CO 0D 0 0D OD 
SNS BOONES 
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36.7 
37.3 
319 
38.5 
39.1 
39.7 
40.3 
40.9 
41.5 
42.1 


96.6 
97.4 
98.2 
124] 99.0 
125} 99.8 
126}100.6 
127|101.4 
128}102.2| 
129}103.6 
130/103.8 


121 
122 
123 


72.8 
73.4 
74.0 
74.6 
79.2 
75.8 
76.4 
77.0 
77.6 
78.2 


181}144.6/108.9 
182}145.4)109.5 
183]146.2}110.} 
184}146.9)110.7 
185|147.7}111.3 
186|148.5/111.9 
187|149.3}112.5 
188}150.1/113.1 
189|150.9}113.7 
190}151.7/114.3 


246|196.5 
247|197.3 
248)198.1 
249|198.9 
250| 199.7 


Se) ee , ) Pears a a, ee a 


42.7 
43.3 
43.9 
44.5 
45.1 
45.7 
46.3 


131/104.6 
132)105.4 
133}106.2 
134|107.0 
135]107.8 
136|108.6 
137/|109.4 
138}110.2 
139}111.0 
140}111.8 


141}112.6 
142)113.4 
143) 114.2 
144/115.0 
145}115.8 
146}116.6 
147}117.4 
148/118.2 
149}119.0 
150}119.8 


151}120.6 
152}121.4 
153]122.2 
154}123.0 
155}123.8 
156}124.6 
157|125.4 
158}126.2 
159|127.0 
160}127.8 


161}128.6 
162|129.4 
163}130.2 
164|131.0 
165/131.8 
166}132.6 
167 |133.4 
168}134.2 
169/135.0 
170)135.8 
136.6 
137.4 
138.2 
139.0 
139.8 
176)}140.6 
177|141.4 
178)}142.2 
179}143.0 
180}143.8 


171 
172 
173 
174 
175 


78.8 
79.4 
80.0 
80.6 
81.2 
81.8 
82.4 
83.1 
83.7 
84.3 
64.9 
85.5 
86.1 
86.7 
87.3 
87.9 
88.5 
89.1 
89.7 
90.3 
90.9 
91.5 
92.1 
92.7 
93.3 
93.9 
94.5 
95.1 
95.7 
$6.3 
96.9 
97.5 
98.1 
98.7 
99.3 
99.9 
100.5 
101.1 
101.7 
102.3 
102.9 
103.5 
104.1 
104.7 
/105.3 
105.9 
106.5 
107.1 
107.7 
108.3 


191}152.5}114.9 
192}153.3}115.5 
193}154.1]116.2 
194/154.9|116.8 
195|155.7}117.4 
196}156.5}118.0 
197}157.3)118.6 
198|158.1}119.2 
199|158.9|119.8 
200}159.7/120.4 


201/160.5/121.0 
202|161.3}121.6 
203|162.1)/122.2 
204|162.9}122.8 
205}163.7/123.4 
206|164.5}124.0 
207|165.3}124.6 
208}166.1}125.2 
209} 166.9}125.8 
210)167.7|126.4 


211)168.5|127.0 
212)169.3]127.6 
213]170.1/128.2 
214}170.9}128.8 
215]171.7|129.4 
216)172.5]130.0 
217}173.3|130.6 
218}174.1]131.2 
219}174.9|131.8 
2201175.71132.4 


221/176.5/133.0 
2221177.3|133.6 
223/178.1/134.2 
224)178.9}134.8 
2251179.7|135.4 
226)180.5/136.0 
227 |181.3}136.6 
228)/182.1/137.2 
229|182.9}137.8 
230/183.7/138.4 
231|184.5|139.0 
232}185.3)/139.6 
233/186.1|140.2 
234/186.9|140.8 
235/187.7/141.4 
236|188.5|142.0 
237 189.3] 142.6 
238)190.1)143.2 
239/190.9/143.8 
240|191.7/144.4 


251/200.5 


252/201.3 
253|202.1 
254|202.9 
255|203.7 
256|204.5 
257 (205.2 
258|206.0 


148.0 
148.6 
149.3 
149.9 
150.5 


151.1 
151.7 
152.3 
152.9 
153.5 
154.1 
154.7 
155.3 


259|206.8|155.9 
260|207.6|156.5 


261|208.4/157.1 
262|209.2}157.7 
263}210.0/158.3 
264/210.8/158.9 
265}211.6/159.5 
266}212.4/160.1 
267|213.2|160.7 
268}214.0/161.3 
269/214.8/161.9 
270}215.6|162.5 


————— ff J Sa FSS SEE SE | 


271|216.4/163.1 
272|217.2|163.7 
273)218.0/164.3 
274/218.8/164.9 
275|219.6)165.5 
276|220.4|166.1 
277|221.2|166.7 
278|222.0|167.3} 
279|222.8)167.9 
280|223.6|168.5 
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281|224.41169.1 
282/225.2}169.7 
283)|226.0|170.3 


284/226.8 
285 1227.6 
286|228.4 
287 |229.2 
288|230.0 
289 |230.8 
290|231.6 


291|232.4 


292 |233.2 
293|234.0 
294 |234.8 
295 |235.6 
296/|236.4 
297 |237.2 
298/238.0 
299/|238.8 


300}239.6 


170.9 
171.5 


179.3 
ae 
180.5 
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53°. 


| Lat. [Dist.! Dep.! Lat. [Dist.| Dep.| Lat. [Dist.! Dep.! Lat. [Dist.| Dep.! Lat. 


00.8 
01.6 
02.4 
03.2 
03.9 
04.7 
05.5 
06.3 
07.1 
07.9 


SOON Ao Re 


11| 08.7 
12} 09.5 
13] 10.2 
14) 11.0 
15} 11.8 
16| 12.6 
17] 13.4 
1g} 14.2 
19] 15.0 
20| 15.8 
21| 16.5 
22) 17.3 
23| 18.1 
18.9 


20.5 
97) 213 
22.1 
22.9 

30| 23.6 

31| 24.4 
25.2 
26.0 
26.8 
35) 27.6 
28.4 
29.2 
38] 29.9 
39] 30.7 
40| 31.5 


Al} 32.3 
33.1 
33.9 
44) 34.7 
45} 35.5 
36.2 
AZ) 37.0 
37.8 
49} 38.6 
50} 39.4 


41.0 
53} 41.8 
42.6 
55} 43.3 
56} 44.1 
d7| 44.9 
58} 45,7 
59} 46.5 
G0) 47.3 


Dist.| Lat. 
— -——_— —_1— 


95| 19.7] 


51] 40.2) < 
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7 
8 
89. 
9 
90.6 
91.4 
92.2 
93.0 


94.6 


Dep.|Dist. 


37.6 
38.2 


}| 38.8 


39.4 
40.0 
4().6 
41.2 
41.9 
42.5 
43.1 
43.7 
44.3 
44,9 
45.6 
46.2 
46.8 
47.4 
48.0 
48.6 
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J) 144/113.5 


Of 159}125.3 


TABLE II. 


Lat. 


121 
122 
123 
124 


95.3 
96.1 
96.9 
97.7 
125} 98.5 
126} 99.3 
127/100.1 
128)100.9 
129)101.7 
130|102.4 


131|103.2 
132}104.0 
133}104.8 
134|105.6 
135}106.4 
136}107,2 
137|108.0 
138}103.7 
139}109.5 
140}110.3 


141}111.1) 86.8 
142}111.9 
143}112.7 


145}114.3 
146}115.0 
147/115.8 
148/116.6 
149)117.4 
150)118.2 


151}119.0 
152}119.8 
153}120.6 
154}121.4 
155]122.1 
156}122.9 
157|123.7| 96.7 
158}124.5 


160/126.1 


161}126.9) 99.1 
162/127.7 
163}128.4/100.4 
164}129.2}101.0 
165/130.0)101.6 
166|130.8)102.2 
167}131.6)102.8 
168)132.4|103.4 
169}133.2|104.0 
170}134.0/104.7 


58.31 1711134.7|105.31. 


172|135.5}105.9 
173}136.3}106.5 
174|137.1)107.1 
175}137.9|107.7 
176)138.7|108.4 
177|139.5/109.0 
178) 140,3|109.6 
179}141.1]110.2 
180)141.8}110.8 


Difference of Latitude and Departure for 38°. 


181}142.6}111.4 
182/143.4)112.1 
183}144.2}112.7 
184/145.0}113.3 
185}145.8|113.9 
186/146.6}114.5 
187|147.4/115.1 
188}148.1)115.7 
189}148.9/116.4 
190/149.7}117.0 


191)150.5}117.6 
192/151.3}118.2 
193}152.1}118.8 
194}152.9}119.4 
195}153.7|120.1 
196}154.5|120.7 
197)155.2|121.3 
198}156.0|121.9 
199}156,8}122.5 
200)157.6/123.1 


201)158.4|123.7 
202)159.2)124.4 
203)160.0}125.0 
204)160.8}125.6 
205}161,.5}126.2 
206]162.3}126.8 
207)163.1|127.4 
208}163.9]128.1 
2091164.7}128.7 
210)165.5|129.3 


211/166.3}129.9 
212}167.1}130,5 
213}167.8}131.1 
214/168.6}131.8 
215)169.4|132.4 
216)170.21133.0 
2171171.0|133.6 
218}171.8}134.2 
219}172.6|134.8 
220}173.4|135.4 


221/174.2|136.1 
2221174.9|136.7 
223|175.7|137.3 
224|176.5|137.9 
225|177.3|138.5 
226|178.1|139.1 
227|178.9|139.8 
228|179.7|140.4 
229}180.51141.0 
230}181.2|141.6 


232|182.8)142.8 
233}183.6}143.4 
234|184.4)144.1 
235|185.2|144.7 
236|186.0)145.3 


241|189.9/148.4 
242|190.7|149.0 
243|191.5}149.6 
244|192.3/150.2 
245|193.1|150.8 
246|193.9]151.5 
947|194.6|152.1 
248|195.4|152.7 
249|196.2] 153.3 
250]197.0|153.9 


251|197.8) 154.5 
252\198,6|155.1 
253|199.4|155.8 
254|200.2|156.4 
255|200.9|157.0 
256|201.7|157.6| 
257|202.5|158.2 

258|203.3|158.8 
259|204.1]159.5 
260|204.9|160.1 


261|205.7|160.7 
262|206.5|161.3 
263|207.2|161.9 
264|208.0]162.5] 
265|208.8|163.2 
266|209.6|163.8 
267|210.4|164.4 
268|211.2|165.0 
269|212.01165.6 
270|212.8|166.2 


271|213.61166.8 
272|214.31167.5 
273|215.1|168.1 
2741215.9|168.7 
275|216.71169.3 
276|217.5|169.9 
277|218.3|170.5 
278|219.1|171.2 
279|219.9|171.8 
280|220.6|172.4 
281|221.4|173.0 
282|222.2/173.6 
283|223.0/174.2 
284|223.8|174.8 
285 |224.61175.5 
286|225.4|176.1 
287|226.2|176.7 
288|226.9|177.3 
289|227.7|177.9 
290|228.5|178.5 
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291|229.3|179.2 
2921230.1|179.8 
293|230.9|180.4 
294|231.7/181.0 
295|232.5/181.6 
296)233.3|182.2 


237|186.8|145.9] '297|234.01182.9 


238)/187.5|146.5 
239)188.3|147.1 
240/189.1/147.8 


2 ee eee a ee ah Ee 


298)234,8]183.5 
2991235,6|184.1 


os 


52°. 


T)ist. 


00.8 
01.6 
02.3 
03.1 
03.9 
04.7 
05.4 
06.2 
07.0 
07.8 
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08.5 
09.3 
10.1 
10.9 
11.7 
12.4 
13.2 
14.0 
14.8 
15.5 

16.3 
17.1 
17.9 
18.7 
19.4 
20.2 
21.0 
21.8 
22.5 
23.3 


24.1 
24.9 


————— | —_ | —___ ]) | —— | —_—____ J __—___ 
—_—_—— | —- | | — ——_ 


Dist.| Dep. | Lat. [Dist. 


Lat. | Dep.]Dist. 
00.6] 61 
01.3} 62 
01.9} 63 
02.5] 64 
03.1] 65 
03.8] 66 
04.4] 67 
05.03 68 
05.7} 69 
06.3] 70 
06.9} 71 
07.6] 72 
08.21 73 
08.8) 74 
09.44 75 
10.1) 76 
10.7] 77 
11.3] 78 
12.0] 79 
12.6} 80 
13.2] 81 
13.8] 82 
14.5] 83 
15.1] 84 
15.7] 85 
16.4] 86 
17.0] 87 
17.6] 88 
18.3] 89 
18.9} 90 
19.5 9] 
20.11 92 
20.81 93 
21.4) 94 
22.0} 95 
22.71 96 
23.31 97 
23.9] 98 
24.51 99 
25.2) 100 
25.8} 101 
26.4] 102 
97+1) 103 
27.7) 104 
28.3} 105 
28.9] 106 
29.6} 107 
30.2] 108 
30.8} 109 
31.5} 110 
32.1] 111 
32.7} 112 
33.4] 113 
34.0} 114 
34.6} 115 
35.2] 116 
35.9) 117 
36.5} 118 
37.1} 119 
37.8} 120 


Lat. 


47.4 
48.2 
49.0 
49.7 
50.5 
51.3 
52.1 
52.8 
53.6 
54.4 
59.2 
56.0 
56.7 
57.9 
58.3 


Dep.|Dist. 


38.4 
39.0 
39.6 
40.3) 
40.9 
41.5 
42.2 
42.8 
43.4 
44,1] 


44,7 
45.3 
45.9 
46.6 
47.2 
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TABLE IL. 
Difference of Latitude and Departure for 39°. 


Lat. 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 


94.0 
94.8 
95.6 
96.4 
97.1 
97.9 
98.7 
99.5 
100.3 
101.0 


BO 


Dep.|Dist.| Lat. | Dep.JDist.| Lat. | Dip. 


— ff | ff | J 
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76.1 
76.8 
774A 
78.0 
78.7 
F935 
79.9 
80.6 
81.2 
81.8 


181)140.7|113.9 
182)141.4/114.5 
183}142.2/115.2 
184}143.0/115.8 
185/143.8)116.4 
186}144.5)117.1 
187}145.3|117.7 
188}146.1/118.3 
169)146.9|112.9 
190}147.7|119.6 


131/101.8 
132}102.6 
133}103.4 
134}104.1 
135}104.9 
136/105.7 
137|106.5 
138}107.2 
139|108.0 
140/108.8 


82.4 
83.1 
84,7 
84.3 
85.0 
85.6 
86.2 
86.8 
87.5 
88.1 


242}188.1}152.3 
243/188.8]152.9 
244|189.6/153.6 
245)190.4}154.2 
246/191.2}154.8 
247)192.0|155.4 
243/192.7|156.1 
249/193.5}156.7 
250} 194.3})157.3 


191)148.4|120.2 
192|149.2|120.8 
193}150.0/121.5 
194/150.8|122.1 
195)151.5|122.7 
196)152.3|123.3 
197}153.1}124.0 
198}153.9|124.6 
199)154.7/125.2 
200/155.4)125.9 


251/195.1]158.0 
252) 195.8|158.6 
253|196.6/159.2 
254|197.4]159.8 
255|198.2)160.5 
256/198.9]161.1 
257)199.71161.7 
258/200.51162.4 
259/201.3]163.0 
260}202.1|163.6 


141}109.6 
142}110.4 
143}111.1 
144/111.9 
145}112.7 
146}113.5 
147}114.2 
148}115.0 
149}115.8 
150}116.6 


151}117.3 
152}118.1 
153}118.9 
154}119.7 
155}120.5 
156|121.2 
157|122.0 
158}122.8 


88.7 
89.4 
90.0 
90.6 
91.3 
91.9 
92.5 
93.1 
93.8 
94.4 


95.0 
95.7 
96.3 
96.9 
28.5 
98.2 
98.8 
99.4 


159]123.6)100.1 
160}124.3}100.7 


6) 161}125.1{101.3 


162}125.9|101.9 
163}126.7|102.6 
164}127.5}103.2 
165}128.2}103.8 
166}129.0}104.5 
167}129.8}105.1 
168}130.6}105.7 
169}131.3}106.4 
170}132.1]107.0 


172}133.7|108.2 
173}134.4|108.9 
174}135.2|109.5 
175}136.0}110.1 
176}136.8]110.8 
177|137.6]111.4 
178}138.3]112.0 
179}139.1}112.6 
180139 9113.3 


201)156.2}126.5 
202}157.0|127.1 
203/157.8]127.8 
204) 158.5|128.4 
205/159.3}129.0 
206}160.1]129.6 
2071160.9]130.3 
208/161.6]130.9 
2091162.4]131.5 
210}163.2}132.2 


211}164.0}132.8 
212}164.8}133.4 
2131165.5}134.0 
214/166.3}134.7 
215}167.1}135.3 
216)167.9}135.9 
217)168.6}136.6 
218)169.4}137.2 
219}170.2|137.8 
220}171.0}138.5 


261/202.8]164.3 
262}203.6]164.9 
263}204.4|165.5 
264|205.2|166.1 
265/205.9]166.8 
266)206.7|167.4 
267|207.5|168.0 
268/208.3}168.7 
269)}209.1}169.3 
270}209.81169.9 


2711210,6|170.5 
272)211.4]171.2 
273)}212.2|171.8 
274)/212.9}172.4 
275)213.71173.1 
276)214.5]173.7 
277}215.3|174.3 
278/216.0|175.0 
279}216.8]175.6 
280) 217.61176.2 


2211171.7|139.1] 281/218.41176.8 


222)172.5|139.7 


282/219.21177.5 


223)173.3|140.3] 283)219.9]178.1 
224|174.1]141.0] 284/220.7|178.7 
225)174.9|141.6] 285/221.5]179.4 
226/175.6|142.2| 286/222.3/180.0 
227|176.4|142.9] 287/223.0/180.6 


228)177.21143.5 


288)223.81181.2 


229)178.0}144.1] 289/224.6]181.9 
230)178.7|144.7] 2901225.4}182.5 


69.9] 1711132.9|107.6} 2311179.5|145.4] 2911226.11183.1 


232/180.3]146.0] 292]226.9]183.8 
233]181.1)146.6] 293]227.7|184.4 


234}181,9]147.3 
235|182.6|147.9 


294}228.5]185.0 
295) 229.3]185.6 


236}183.4|148.5} 296/230.0]186.3 
2371184.2|149.1} 297/230.8|186.9 
238/185.0|149.8] 298}231.6}187.5 
239}185.7|150.4] 299]232.4/188.2 
240}186.5|151.0 300/233.1/188.8 


51°, 


TABLE II. 
Difference of Latitude and Departure for 40°. 
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Lat. i ;-| Lat. oo Dist.| Lat. | Dep.|Dist.} Lat. | Dep. 


00.8 46.7| 39.2) 121} 92. | 1811138.7|116.3] 241|164.6/154.9 
01.5 47.5| 39.9 5] 78.4 39.41117.0) 242}185.4]155.6 
02.3 48.3] 40.5) 123] 94.2] 79. 2|117.6) 243]186.11156.2 
03.1 49.0} 41.11 124] 95.0] 79. 01118.3) 2441186.9]156.8 
03.8 | 49.8] 41.81 1: 8] 80.31 : 91 245|187.7|157.5 
04.6] 03.9) 50.6| 42.4] 126] 96.5] 81.0] 186|142.5|119.6} 246]188.4|158.1 
05.4 51.3] 43.1 3] 81.6] 3.3|120.21 247|189.2|158.8 
06.1 52.1) 43.7 1] 82.3} 0|120.8} 248]190.0|159.4 
06.9 52.9| 44.4 8] 82.¢ .8|121.5} 249]190,7|160.1 
07.7 53.6| 45.01 130] 99.6} 83.6 5.5/122.1) 250]191.5|160.7 
08.4 54.4] 45.6] 1 4| 84.2| 46.3}122.8] 251|192.3}161.3 
09.2 55.2| 46.31 132/101.1, 84.8] 192/147.1]123.41 2521193.0]162.0 
10.0] 08.4! 73] 55.9] 46.9} 133]101.9: 85.5] 2531193.8}162.6 
10.7] 09.0| 56.7| 47.6) 1341102.6| 86. 6|124.7] 2541194.6|163.3 
11.5} 09.6! 57.5| 48.21 135]103.4| 86.8} 195|149.4]125.3] 255]195.3]163.9 
12.3] 10.3] 76] 58.2] 48.5 4, 4] 196/150.1]126.0] 256]196.1/164.6 
13.0] 10.9] 59.0] 49.5) 137/104.9] 88.1} .91126.6] 257}196.9| 165.2 
13.8] 11.6] 59.8 | 258|197.6|165.8 
14.6] 12.2] 60.5 259|198.4]166.5 
15.3] 12.9] 61.3 260|199.2]167.1 


16.1| 13.5] 62.0 261|199.9|167.8 
16.9] 14.1] 62.8 262|200.7|168.4 
17.6] 14.8] 83] 63.6 263|201.5|169.1 
18.4] 15.4| 64.3 264|202.21169.7 
19.2] 16. 65.1 265|203.0]170.3 
19.9] 16.7] 65.9 266|203.8]171.0 
20.7| 17.4] 66.6 267|204.5}171.6 
| 67.4 268|205.3|172.3 

68.2 269}206.11172.9 

68.9 270|206.8|173.6 


69.7| 58.5] 151]115.7] 97.1] 31.6|135.6] 271]207.61174.2 
70.5} 59.1] 152]116.4] 97.7] 4|136.3] 2721208,4]174.8 
71.2} 59.81 153}117.2] 98.3} .2|136.9] 273]209.1]175.5 
72.0} 60.41 0} 99.0] .9|137.6] 2741209.9|176.1 
275|210.71176.8 
276|211.4|177.4 
277|212.2/178.1 
278|213.0|178.7 
279|213.7|179.3 
286|214.51180.0 


281)215.3/180.6 
282/216.0/181.3 
283/216.8|181.9 
264/217.6|}182.6 
285|218.3/183.2 
286|219.1/183.8 
287|219.9}184.5 
288}220.6/185.1 
289)/221.41185.8 
290|222.2|186.4 


291)222.91187.1 
223.71187.7 
224.51188.3 
225.2/189.0 
226.0}189.6 
226.71190.3 
7|227.5|190.9 
298)228.3)191.6 
299]229.0/192.2 
300/229.8]192.8 
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TABLE IL. 
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Difference of Latitude and Departure for 41°. 


241/181.9}158.1 
242/182.6|158.8 
243|183.4|159.4 
244|184.1]160.1 
245|184.9|160.7 
246|185.7| 161.4 
247|186.4|162.0 
2481187.2|162.7 
249|187.9|163.4 
250|188.7|164.0 


182}137.4|119.4 
183}138.1)120.1 
184}138,.9|120.7 
165}139.6!121 
186|140.4/122 
187|141.1)122 
188}141.9|123 
189]142.6|124.0 
190}143.4)124.7 


4 
0 

7 
3 


—— SF | | —_—_— , | — | —————_ | gt | | — 


a a 


a | I ff Sf | Se. | | J 


cy pera Ae ae ee) Ee ees eae 


Dist. Dep.j|Dist 
1 00.7 46.0] 40.0 
2 01.3 46.8] 40.7 
3 02.0 47.5} 41.3 
4 02.6 48.3} 42.0 
5 03.3 49.1] 42.6 
6 03.9 49,8] 43.3 
* 04.6 50.6| 44.0 
8 05.2 51.3| 44.6 
9 05.9 52.1] 45.3 
10 06.6 52.8] 45.9 
1] 07.2 53.6| 46.6 
12 07.9 54.3] 47.2 
13 08.5 55.1| 47.9 
14 09.2 55.8] 48.5 
15 09.8 56.6| 49.2 
16 10.5 57.4| 49.9 
17 £t.2 58.1} 50.5 
18 11.8 58.9| 51.2 
19 12.5 59.6| 51.8 
20 13.1 60.4| 52.5 
Z1 13.8 61.1} 53.1 
22 14.4 61.9} 53.8 
23 15.1 62.6| 54.5 
24 15.7 63.4| 55.1 
25 16.4 64.2| 55.8 
26 eam 64.9} 56.4 
27 17.7 65.7| 57.1 
28 18.4 66.4| 57.7 
29 19.0 67.2| 58.4 
30 19.7 67.9| 59.0 
31 20.3 68.7| 59.7 
32 21.0 69.4| 60.4 
33 21.6 70.2| 61.0 
34 22.3 70.9| 61.7 
35 23.0 71.7| 62.3 
36 23.6 72.5| 63.0 
37 24.3 73.2| 63.6 
38 24.9 74.0| 64.3 
39 25.6 74.7| 64.9 
40 26.2 75.5| 65.6 
4) 26.9 76.2| 66.3 
42 27.6 77.0| 66.9 
43 28.2 77.7| 67.6 
44 28.9 78.5| 68.2 
45 29.5 79.2) 68.9 
46 30. 80.0} 69.5 
47 30.8 80.8} 70.2 
48 31.5 81.5} 70.9 
49 2.1 82.3) 71.5 
50 32.8 83.0| 72.2 
51 33.! 1] 83.8] 72.8 
52 4, 84.5] 73.5 
53 4. 85.3| 74.1 
54 5. 86.0| 74.8 
55 i 86.8] 75.4 
56 6. 87.5| 76.1 
57 r 88.3] 76.8 
58 38.1 89.1] 77.4 
59 38.7 89.8} 78.1 
60 39.4 90.6| 78.7 


159}120.0}104.3 
160}120.8}105.0 


161)121.5}105.6 
162)122.3}106.3 
163}123.0}106.9 
164) 123.8]107.6 
165)124.5}108.2 
166}125.3}108.9 
167|126.0}109.6 
168}126.8}110.2 
169|127.5}110.9 
170}128.3}111.5 
171)129.1}112.2 
172}129.8/112.8 
173}130.6}113.5 
174}131.3]114.2 
175)132.1]114.8 
176|132.8}115.5 
177|133.6]116.1 
178}134.3}116.8 
179}135.1]117.4 


4 191/144.1/125.3 


251|189.4|164.7 
252} 190.2}165.3 
253}190.9}166.0 
254|191.7|166.6 
255|192.5|167.3 
256/ 193.2) 168.0 
257|194.0|168.6 
258} 194.7| 169.3 
199]150.2}130.6] 259}195.5|169.9 
200|150.9/131.2} 260}196.2|170.6 


SS ee ee 


261/197.0)171.2 
262)197.7|171.9 
263}198.5)172.5 
264/199.2|173.2 
265|200.0}173.9 
266|200.8]174.5 
267/201.5]175.2 
268) 202.3]175.8 
269/203.0]176.5 
270/|203.8]177.1 


7 
204.51177.8 
205.3]178.4 
3}206.0}179.1 
206.8|179.8 
75|207.5|180.4 
}}208.3}181.1 

277 |209.1|181.7 
278; 209.8)182.4 
279|210.6|183.0 
280/211.3]183.7 
281)212.1/184.4 
282)212.8/185.0 
283/213.6)185.7 
284/214.3/186.3 
285) 215.1}187.0 
286/215.8}187.6 
287|216.6/188.3 
286/217.4/188.9 
289) 218.1/189.6 
290|218.9/190.3 


291!219.6|190.9 
292) 220.41191.6 
293/221.11192.2 
294/221.9|192.9 
295|222.6|193.5 
296|223.4|194.2 
297|224.1]194.8 
298) 224.9]195.5 
239|180.4 156.8] 299/225.7|196.2 
240}181.1 157.5} 300/226.4]196.8 
Dep.| Lat. 


Dist. Dep.| Lat. |Dist. 
49°, 


192}144.9|126.0 
193}145.71126.6 
194|146.4)127.3 
195}147.2|127.9 
196|147.9:128.6 
197}148.7|129.2 
198)149.4}129.9 


201)151.7)131.9 
202/152.5)132.5 
203|153.2)133.2 
204/154,0)133.8 
205)154.7/134.5 
206)155.5)135.1 
207)}156.2|135.8 
208)]157.0|136.5 
2091157.7)137.1 
210)158.5|137.8 


211}159.2|138.4 
212/160.0)139.1 
213}160.8}139.7 
214/161.5)140.4 
215}162.3)141.1 
216|163.0)141.7 
217/|163.8) 142.4 
218|164.5/143.0 
219)165.3|143.7 
220)166.0/144.2 
221/166.8/145.0 
222)167.5|145.6 
223/168.3)146.3 
224/169.1)147.0 
225|169.8|147.6 
226|170.6|148.3 
227|171.3}148.9 
228)172.1|149.6 
2291172.81150.2 
230}173.6|150.9 
231)174.3/151.5 
232|175.1|152.2 
233/175.8|152.9 
234|176.6|153.5 
235}177.4|154.2 
236/178.1)154.8 
237|178.9|155.5 
238}179.6/156.1 


Dep. Ipist. at: | Den Dist.| Lat. 


—_ 


16.3| 14.7 
17.1| 15.4 
17.8] 16.1 
18.6] 16.7 


Dist.| Dep.! Lat. {Dist. 


| Lat. [Dist.] Dep. 


TABLE IL. 
Difference of Latitude and Departure for 42°. 


4107.0 
5|107.8 
146|108.5 
147/109.2) 98.4 
148/110.0] 99.0 
149|110.7| 99.7 
150/111.5|100.4 


151|112.2/101.0 
152/113.01101.7 
153/113.7|102.4 
154|114.4]103.0 
155|115.2|103.7 
156|115.9|104.4 
157|316.7|105.1 
158{117.4]105,7 
159|118.2|106.4 
160|118.9|107.1 


161/119.6|107.7 
162|120.4|108.4 
163]121.1]109.1 
164|121.9|109.7 
165|122.6|110.4 
166|123.4]111.1 
167|124.1/111.7 
124.8]112.4 
125.6/113.1 
126.3/113.8 


127.8/115.1 
128.6/115.8 
129.3/116.4 
5}130.1)117.1 
5} 130.8)117.8 
131.5/118.4 
132.3)119.1 
133.0/119.8 
133.8}120.4 


127.1/114.4 


Lat. | Dist. 


181|134.5/121.1 
182|135.3/121.8 
183}136.0/122.5 
184|136.7|123.1 
185 |137.5|123.8 
186]138.2)/124.5 
187/139.0/125.1 
188] 139.7|125.8 
189|140.5|126.5 
190}141.2)197.1 


191|141.9|127.8 
192/142.7/128.5 
193}143.4|129.1 
194]144.2/129.8 
195/144.9]130.5 
196 
197 
198 
199 
200 


201|149.41134.5 


202/150.1|135.2 
203/150.9] 135.8 
204/151.6/136.5 
205|152,3|137.2 
206|153.1| 137.8 
207|153.8|138.5 
208]154.6|139.2 
209/155.3]139.8 
210|156.1|140.5 


211/156.8]141.2 
212/157:5}141.9 
213/158.3}142.5 
214/159.0|143.2 
215) 159.8)143.9 
160.5|144.5 
161.3|145.2 
162.0|145.9 
162.7/146.5 
163.5|147.2 


164,2|147.9 
165.0) 148.5 
165.7|149.2 
}166.5|149.9 
167.2|150.6 
3}168.0)151.2 
168.7|151.9 
169.4|152.6 
170.2|153.2 
170.9|153.9 
171.7|154.6 
172.4|155.2 
33/173,2)155.9 
173.9|156.6 
5}174.6|157.2 
3175.4|157.9 
176.1]158:6 
176.9|159.3 
177.6|159.9 
178.4|160.6 


/ 


Dep.| Dist.| Lat. Dep.|Dist. Lat. | Dep. 


241}179.1|161.3 
242/179.8|161.9 
243]180.6|162.6 
244|181.3|163.3 
245|182.1|163.9 
246|182.8/164.6 
2471183.61165.3 
248]184.3/165.9 
249|185.0|166.6 
2501185.8|167.3 


251|186.5|168.0 
252|187.3|168.6 
253|188.0/169.3 
254|188.8|170.0| 
255|189.5|170.6 
256|190.2|171.3 
257|191.0/172.0 
258191.7|172.6 
959] 192.5|173.3 
260|193.2|174.0 


261|194.0|174.6 
962|194.7|175.3 
263|195.4|176.0 
264|196.2|176.7 
265|196.9]177.3 
266|197.7|178.0 
267|198.4|178.7 
268|199.2|179.3 
269|199.9}180.0 
270|200.6|180.7 


971/201.4|181.3 
272|202.1|182.0 
273|202.9|182.7 
274|203.6|183.3 
276)204.4|184.0 
276) 205.1|184.7 
277|205.9|185.3 
278|206.6| 186.0 
279|207.3|186.7 
280|208.1|187.4 


281/208.8/168.0 
262|209.6/188.7 
283|210.3|189.4 
284/211.1/190.0 
285/211.8/190.7 
286/212.5/191.4 
287/213.3]192.0 
288) 214.0/192.7 
2891214.8)193.4 
290/215.5|194.0 


291|216.3|194,7 


292'217.0|195.4 
293/217.7|196.1 
294|218.5|196.7 
295/219.2|197.4 
296 |220.01198.1 
297|220.7|198.7 
298/221.5/199.4 
299] 222,2|200.1 
300)222.9|200.7 


Dep.| Lat. [Dist. Dep.! Lat. 


48°, 


Dist.| Lat. 


00.7 
O15 
02.2 
02.9 
03.7 

04.4 
05.1 
05.9 
06.6 
07.3 
08.0 
08.8 
09.5 
10.2 
11.0 
11.7 
12.4 
13.2 
13.9 
14.6 


co GO NY Crore to bho e 


15.4] 14.3 


16.1 
16.8 
17.6 
18.3 
19.0 
19.7 
20.5 
21.2 

30] 21.9 


31| 22.7| 21.1 


32] 23.4 
33] 24.1 
34] 24.9 
35| 25.6 
36] 26.3 
37) 27.1 
38] 27.8 
39} 28.5 
40) 29.3 


60.7] 61 


Dep.| Dist. 
44.6 
45.3 
46.1 
46.8 
47.5 
46.3 
49.0 
49.7 
50.5 
51.2 


51.9 
32.7 
53.4 
54.1 
54.9 
55.6 
56.3 
57.0 
57.8 
58.5 


01.4] 62 
02.0] 63 
02.7] 64 
03.41 65 
04.1] 66 
04.8] 67 
05.5) 68 
06.1] 69 
06.8} 70 


07.5] 71 
08.2] 72 
08.9) 73 
09.5} 74 
10.2] 75 
10.9 

11.6 

12.3 

13.0 

13.6 

60.0 
60.7 
61.4 
62.2 
62.9 
63.6 
64.4 
65.1 
65.8 
66.6 
67.3 
68.0 
68.7 
69.5 
70.2 
70.9 
F1i 
72.4 
ER 


15.0 
15.7 
16.4 
17.0 
17.7 
18.4 
19.1 
19.8 
20.5 


21.8 
22.5 
23.2 
23.9 
24.6 
25.2 
25.9 
26.6 
27.3) 100 


41} 30.0] 28.0} 101] 73.9 


49] 30.7 
43] 31.4 
44| 39.9 
45| 32.9 

46) 33.6 
47| 34.4 
48] 35.1 
49| 35.8 
50| 36.6 


102 
103 
104 
105 
106 
107 
108 
109 
110 


74.6 
{9.3 
76.1 
76.8 
77.5 
78.3 
79.0 
79.7 
80.4 


28.6 
29.3 
30.0 
30.7 
314 
32.1 
32.7 
33.4 
34.1 


D1] 37.3] 34.8] 111) 81.2 


52] 38.0 
93| 38.8 
D4) 39.5 
55| 40.2 
56) 41.0 
57) 41.7 
58} 42.4 
59} 43.1 
60) 43.9 


Dist.| Dep.' Lat. |Dist.| Dep. Lat. 


112 
113 
114 
115 
116 
117 
118 
119 
120 


81.9 
82.6 
83.4 
84.1 
84.6 
85.6 
86.3 
87.0 
87.8 


35.5 
36.1 
36.8. 
37.5 
38.2 
38.9 
39.6 
40.2 
40.9 


81} 59.2 


TABLE If. 
Difference of Latitude and Departure for 43°. 


121 
123 
123 
124 
125 
126 
127 
128 


88.5 
89.2 
90.0 
90.7 
91.4 
92.2 
92,9 
93.6 
129} 94.3] 88.0 
130] 95.1] 88.7 
131) 95.8] 89.3 
132] 96.51 90.0 
133] 97.3] 90.7 
134} 98.0] 91.4 
135] 98.71 92.1 
136} 99.5] 92.8 
137/}100.2| 93.4 
138}100.9| 94.1 
139}101.7| 94.8 
140}102.4] 95.5 


141}103.1} 96.2 
142}103.9] 96.8 
1431104.6| 97.5 
144]105.3} 98.2 
145}106.0} 98.9 
146}106.8} 99.6 
1471107.5|100.3 
148} 108.2}100.9 
1491109.0}101.6 
150}109.7}102.3 


82.5 
83.2 
83.9 
84.6 
85.2 
85.9 
86.6 
87.3 


lf 1511110.4]103.0 


152]111.2}103.7 
153}111.9|104.3 
154/112.6]105.0 
. 155}113.4]105.7 
156]114.1}106.4 
157}114.8]107.1 
158}115.6}107.8 
159}116.3}108.4 
160}117.0]109.1 


9} 1611417.7]109.8 


1621118.5}110.5 
163}119.2)111:2 
164}119.9]111.8 
165}120.7}112:5 
166)121.4113.2 
167} 122,1]113.9 
168)122.9]114.6 
169}123.61115.3 
170}124,3]115.9 
171}125.1]116.6 
172)125.8)117.3 
173)126.5|118.0 
1741} 27.3)118.7 


181)132.4]123.4 
182}133.1)124.1 
183}133.8)124.8 
184/134.6}125.5 
185/135.3]126.2 
186}136.0}126.9 
187|136.8]127.5 
188}137.5)128.2 
189}138.2]128.9 
190}139.0)129.6 


63 


Lat. | Dep.{Dist.| Lat. | Dep.|Dist.] Lat. | Dep. Dist.| Lat. | Dep. 


~191/139.7|130.3 


192}140.4/130.9 
193)141.2}131.6 
194] 141.9}132.3 
195}142.6/133.0 
196} 143.3)133.7 
197)144.1/134.4 
198} 144.8]135.0 
199}145.5|135.7 
200)146.3}136.4 


201|147.0]137.1 


202|147.7|137.8 
203]148.5}138.4 
204}149.2}139.1 
205}149.91139.8 
206}150.7|140.5 
207|151.4}141.2 
208)]152.1)141.9 
209|152.9|142.5 


210}153.6]143.2 


911}154.31143.9 9184.8 


212}155.0)144.6 
213}155.8}145.3 
2141156.5}145.9 
215)157.2|146.6 
216}158.0]147.3 
217)158.7|148.0 
218}159.4]148.7 
219)160.2}149.4 
220}160.9}150.6 


2221162.4]151.4 
293/163.1]152.1 
2241163.81152.8 
2251164.61153.4 
226|165.3/1541 
2271166.0|154.8 
2281166.7|155.5 
2291167.5|156.2 
230168.21156.9 


2321169.7|158.2 
233]170.4]158.9 
2341171.1]159.6 


~221|161.6|150.7 


289)211.4}197.1 
290}212.1|197.8 


~2311168.91157.5| 29] 


1791130.9|122.1] 2391174.8/163.0] 299]2 


160}131.6|122.8 


240)175.5/163.7 


300|219.4|204.6 


Dist.| Dep. ‘Lat. [Dist. Dep. ‘Lat. (Dist. Dep. , 


47°. 


Dist, 


1 


“TAB LE Th, 


Difference of Latitude and Departure for 44°. 


Lat. 


.| Lat. 


Dep. | Dist. 


Lat. 


Se, pee, ee ee eee reas a oak Ff gf | | 


43.9 
44.6 
45.3 
46.0 
46.8 
47.5 
48.2 
48.9 
49.6 
50.4 


9} 129 


87.0 
87.8 
88.5 
89.2 
89.9 
90.6 
91.4 
92.1 
92.8 
93.5 


84.1 
24.7 
85.4 
86.1 
86.8 
87.5 
88.2 
88.9 
89.6 
90.3 


125 
126 
127 
128 


130 


181]130.2}125.7 
182}130.9}126.4 
183]131.6]127.1 
184}132.4}127.8 
185)133.1)128.5 
186/133.8]129.2 
187}134.5}129.9 
188)135.2}130.6 
189}136.0}131.3 
190}136.7|132.0 


_ | | J | | J —__] —— ie ——_ | —____ | —_ ————— | —_—_. — 


51.1 
51.8 
52.5 
53.2 
54.0 
54.7 
55.4 
26.1 
56.8 
57.5 


A} 134 


8] 136 
| 137 
2] 138 
91 139]100.0 
61 140]100.7 


131 
132 
133 


94.2 
95.0 
95.7 
96.4 
97.1 
97.8 
98.5 
99.3 


91.0 
91.7 
92.4 
93.1 
93.8 
94.5 
95.2 
95.9 
96.6 
Dies 


135 


191)137.4;132.7 
192}138.1}133.4 
193}138.8}134.1 
194}139.6/134.8 
195}140.3}135.5 
196}141.0}136.2 
197/141.7/136.8 
198}142.4/137.5 
199}143.1}138.2 
200)143.9/138.9 


_—_— | fs | ff gf | OY ——~ | J ——————_ f —— |] — | — 


58.3 
59.0 
59.7 
60.4 
61.1 
61.9 
62.6 
63.3 
64.0 
64.7 


5.3] 141/101.4 
0} 1421102.1 
| 143/102.9] 99.3 
A} 144/103.6]100.0 
| 145]104.3]100.7 
| 146]105.0]101.4 
| 147/105.7]102.1 


97,9 
98.6 


148/106.5]102.8 
149/107.2}103.5 


| 150/107.9]104.2 


201/144.6]139.6 
202}145.3)140.3 
203/146.0)141.0 
204/146.7|141.7 
205)147.5|142.4 
206)148.2/143.1 
207|148.9|143.8 
208)149.6)144.5 
209)150.3/145.2 
210)151.1/145.9 


| I J J) I I | 


65.5 
66.2 
66.9 
67.6 
68.3 
69.1 
69.8 
70.5 
71.2 
71.9 


} 151/108.6]104.9 


152}109.3|105.6 


| 153}110.1]106.3 


154/110.8]107.0 


OF 155}111.5]107.7 


156] 112.2)108.4 
157}112,9}109.1 


lf 158}113.71109.8 


159}114.4]110.5 
160}115.1/111.1 


211)151.8/146.6 
212)152.5/147.3 
213)153.2}148.0 
214}153.9)148.7 
215)154.7]149.4 
216)155.4]150.0 
217|156.1]150.7 
218)156.8]151.4 
219)157.5|152.1 
220)158.3]152.8 


— | |] J | —_—_ j—_—_——__ J — ——— | — ——_ J —_——_ | —_—___ 
— ee [ 


42.57 
73.4 
74,1 
74.8 
75.5 
76.3 
77.0 
Vick: 
78.4 
79.1 


161/115.8]111.8 


9} 162/116.5}112.5 


163}117.3}113.2 
164}118.0}113.9 
165}118.7|114.6 
166}119.4}115.3 
167/120.1}116.0 
168}120.8}116.7 
169}121.6]117.4 
170}122.3}118.1 


221)159.0}153.5 
222|159.7|154.2 
223/160.4|154.9 
224)161.1}155.6 
225|161.9}156.3 
226}162.6}157.0 
2271163.3|157.7 
228)164.0/158.4 
229)}164.7)159.1 
230}165.4|159.8 


—_—- | I | Ss | J YJ |] | EI IRS 


79.8 
80.6 
81.3 
82.0 
82.7 


AL} 171)123.0}118.8 
6F 1721123.7)119.5 
5] 173)124.41120.2 
2) 174}125.2}120.9 
9F 175}125.91121.6 
6] 176|126.6}122.3 


177}127,3|123.0 


0} 178]128.0]123.6 


179}128.8]124.3 


4) 180}129.51125,0 


Lat. | Dep.} Dist. 
00.7; 90.77 61 
01.4; 01.47 62 
02.2; 02.1] 63 
02.9} 02.8] 64 
03.6} 03.57 65 
04.3} 04.2] 66 
05.0} 04.9] 67 
05.8) 05.6] 68 
06.5} 06.3] 69 
07.2} 06.9] 70 
07.9) 07.6} 71 
08.6] 08.3] 72 
09.4) 09.0} 73 
10.1] 09.7{ 74 
10.8} 10.4) 75 
11.5] 11.1] 76 
12.2| 11.8[ 77 
12.9N IZ SE, 78 
13.7] 13.2] 79 
14.4] 13.91 80 
15.1] 14.6; 61 
15.8} 15.3] 82 
16.5] 16.0} 83 
17.3] 16.7} 84 
18.0] 17.44) 85 
18.7} 18.1] 86 
19.4] 18.8] 87 
20.1] 19.5) 88 
20.9} 20.1] 89 
21.6) 20.8] 90 
22.31- 21-51 9) 
23.0| 22.2} 92 
23.7| 22.9] 93 
24.5} 23.6] 94 
25.2} 24.3] 95 
25.9} 25.0} 96 
26.6] 25.7] 97 
27.3| 26.4) 98 
428. Lie/el li vo 
28.8} 27.8) 100 
29.5} 28.5) 101 
30.2] 29.2] 102 
30.9] 29.9] 103 
31.7) 30.6} 104 
32.4| 31.3) 105 
33.1] 32.0] 106 
33.8] 32.6] 107 
34.5} 33.3] 108 
35.2} 34.0} 109 
36.0} 34.77 110 
36.7} 35.4] 111 
37.4| 36.1] 112 
38.1] 36.8} 113 
38.8} 37.5} 114 
39.6] 38.21 115 
40.3] 38.9) 116 
41.0} 39.6] 117 
41.7) 40.3] 118 
A2.4| 41.0} 119 
.43.2| 41.71 120 
.| Dep.| Lat. [Dist 


fat: 


{Dist.] Dep.| Lat. |Dist'| Dep. 


231)166.2|160.5 


2321166.9|161.2] 


233|167.6|161.9 
234}168,3)162.6 
235|169.0}163.2 
236|169.8}163.9 
237|170.5| 164.6 
238)171.2|}165.3 
239)171.9|166.0 
2401172.6|166.7 


Lat. (Dist.l Dep. Lat. 


46°. 


TABLE II, 


65 
Difference of Latitude and Departure for 45°. 

Dist. Dep.|Dist.| Lat. | Dep.}Dist.) Lat. | Dep.{Dist.| Lat. | Dep 
1 121] 85.6} 85.6} 181]128.0]128.0] 241|170.4|170.4 
2 122| 86.3} 86.3] 182)128.7]128.7] 242/171.1/171.1 
3 123} 87.0| 87.0] 183}129.4/129.4] 243/171.8/171.8 
4 124] 87.7) 87.7) 184)130.1/130.1] 244/172.5!172.5 
5 125) 88.4} 88.4] 185/130.8)130.8] 245/173.2)173.2 
6 126} 89.1} 89.1] 186)131.5/131.5) 246/173.91173.9 
7 127} 89.8] 89.8] 187/132.2/132.2) 247/174.7|174.7 
8 128) 90.5) 90.5] 188)132.9/132.9} 248/175.4|175.4 
9 129} 91.2} 91.2) 189)133.6)133.6] 249/176.1/176.1 
10 130} 91.9} 91.9] 190)134.4|134.4] 250/176.8/176.8 

1] 131] 92.6] 92.6] 191)135.1/135.1) 251/177.5|177.5 
12 132| 93.3} 93.3] 192/135,8/135.8} 252/178.2|178.2 
13 133| 94.0} 94.0} 193)136.5/136.5] 253/178.9|178.9 
14 134] 94.8} 94.6] 194/137.2/137.2] 254/179.6|179.6 
15 135} 95.5; 95.5) 195}137.9/137.9] 255/180.3}180.3 
16 136} 96.2} 96.2] 196)138.6/138.6] 256/181.0)181.0 
17 137| 96.9} 96.9} 197|139.3}139.3] 257|181.7|181.7 
18 138} 97.6) 97.6] 198)140.0/140.0] 258/182.4|182.4 
19 139} 98.3) 98.3] 199)140.7|140.7] 259)183.1/183.1 
20 140} 99.0} 99.0] 200)141.4)141.4] 260/183.8/183.8 
21 141| 99.7| 99.7) 201/142.1/142.1] 261/184.61184.6 
22 142/100.4|100.4] 202/142.8|142.8] 262]185.3|185.3 
23 143/101.1/101.1] 203]143.5/143.5] 263]186.0|186.0 
24 144|101.8]101.8] 204/144.2/144.2] 264/186.7/186.7 
25 145|192.5)102.5) 205/145.0|145.0] 265|187.4|187.4 
26 146|103.2/103.2} 206/145.7|145.7] 266|188.1]188.1 
27 147|103.9/103.9) 207/146.4|146.4] 267|188.8/188.8 
28 148|104.7}104.7) 208/147.1/147.1] 268/189.5/189.5 
29 149|105.4|105.4] 209/147.8/147.8) 269/190.2/190.2 
30 150|106.1}106.1} 210)148.5/148.5} 270/190.9|190,9 
31 151}106.8}106.8) 211)149.2/149.2) 271/191.6/191.6 
32 152}107.5)107.5} 212)149.9/149.9) 272)192.3/192.3 
33 153|108.2/108.2) 213)150.6}150.6] 273)/193.0/193.0 
34 154/108.9108.9} 214]151.3]151.3] 274|193.7|193.7 
35 155/109.6]109.6} 215|152.0]152.0) 275/194.5/194.5 
36 156/110.3]110.3} 216|152.7|152.7) 276|195.21195.2 
37 157{111.0/111.0} 217}153.4/153.47 277)195.9|195.9 
38 V58}111.7/111.7] 218/154.1}154.1] 278)196.6/196.6 
39 159|112.4]112.4] 219|154.9]154.9] 279]197.3|197.3 
40 160/113.1/113.1] 220/155.6]155.6] 280|198.0|198.0 
4] 161}113.8)113.8} 221/156.3|156.3] 281/198.7/198.7 
49 162|114.6/114.6) 222/157.0)157.0] 282|199.4]199,4 
43 163}115.3/115.3} 223)157.7|157.7] 283}200.1/200.1 
44 164]116.0/116.0] 224/158.4/158.4] 284/200.8/200.8 
45 165}116.7/116.7) 225]159.1/159.1] 285]201.5/201.5 
46 166|117.4|117.4] 226]159.8]159.8] 286]/202.2|202.2 
47 167|118.1|118.1] 227/160.5/160.5] 287|202.9|202.9 
48 168|118.8/118.8| 228/161.2|161.2] 288|203.6)203.6 
49 169}119.5]119.5} 229|161.9|161.9] 289]/204.4|204.4 
50 170|120.2}120.2] 230/162.6|162.6] 290]205.1/205.1 
51| 36.1| 36.1 171|120.9]120.9} 231/163.3/163.3] 291|205.8|205.8 
52 172|121,6|121.6] 232]164.0/164.0] 292|206.5|206.5 
53 173}122.3)122.3] 233|164.8|164.8] 293/207.2|207.2 
54 174/123.0/123.0] 234]165.5|165.5] 294|207.9|207.9 
55 175)123.7/123.7] 235/166.2|166.2] 295)208.6/208.6 
56 176|124.5|124.5] 236|166.9|166.9] 296]209.3)209.3 
57 177\125,2|125.2] 237|167.6|167.6} 297|210.0|210.0 
58 178)125,.9/125.9] 238/168.3}168.3} 298)210.7/210.7 
59 179}126,6]126.6] 239]169.0|169.0] 299/211.4/211.4 
60 180|127.3|127.3] 240|169.7|169.7] 300|212.1/212.1 


a Ff TS | | SS | J | ——_ - 


QF 


45°, 


TABLE LIL. 


MERIDIONAL PARTS. 


O° 1 1° | BF 32] 49.169 B47? 4 8° |] :9% 1109) 119 Pe 
0} 60} 120} 180} 240] 300} 361} 421] 482] 549] 603] 664] 725) 787) 848 

1} 61} 121} 181} 241] 301] 362} 422] 483] 543] 604| 665] 726) 788] 850 
2| 62} 122] 182] 242) 302] 363} 423] 484] 544] 605| 666| 727) 789) 851 
3] 63] 123} 183} 243] 303] 364] 424! 485] 545] 606] 667| 728] 790} 852 
4| 64] 124] 184] 244] 304] 365] 425! 486] 546| 607] 668| 729] 791| 853 
5] 65] 125} 185} 245] 305] 366] 426| 487| 547| 608] 669] 730] 792] 854 
6| 66]. 126] 186] 246] 306] 367! 427) 488] 548] 609] 670] 731] 793] 855 
7| 67} 127] 187] 247] 307| 368] 428] 489| 549] 610] 671) 732| 794] 856 
8] 68} 128} 188] 248] 308] 369] 429] 490] 550] 611} 672] 734] 795} 857 
9} 69] 129] 189} 249} 309] 370] 430] 491] 551} 612| 673| 735| 796) 858 


10} 70} 130] 190} 250) 310] 371} 431} 492] 552| 613} 674| 736) 797) 859 

11] 71} 131} 191} 251) 311} 372] 432} 493] 553] 614| 675) 737) 798) 860 
12] 72} 132] 192} 252] 312] 373} 433] 494] 554! 615] 676| 738) 799) 861 
13] 73} 133} 193} 253} 313] 374| 434] 495| 555} 616] 677| 739) 800] 862 
14] 74] 134] 194} 254] 314] 375] 435} 496] 556} 617] 678| 740] 801] 863 
15} 75} 135) 195] 255} 315] 376] 436| 497| 557| 618] 679] 741) 802) 864 
16] 76] 136] 196] 256] 316] 377] 437| 498] 558] 619} 680] 742| 803] 865 
17} 77| 137] 197| 257) 317] 378] 438] 499] 559| 620] 681} 743) 804] 866 
18} 78] 138] 198] 258] 318] 379] 439! 500| 560| 621| 682] 744} 805} 867 
19} 79} 139] 199} 259} 319] 380] 440! 501] 561] 622| 683] 745] 806} 868 


20; 80} 140] 200] 260] 320] 381] 441] 509] 562| 623) 684) 746) 807} 869 

21} 81} 141} 201] 261] 321] 382] 442] 503] 564| 624] 685] 747] 808] 870 
22} 82} 142) 202] 262] 322] 383] 443] 504| 565} 625] 687] 748] 809} 871 
23} 83} 143} 203] 263] 323] 384] 444] 505| 566] 626] 688} 749} 810} 872 
24} 84! 144] 204] 264] 324] 385| 445! 506] 567] 627| 689] 750] 811] 873 
25! 85) 145] 205] 265! 325] 386] 446] 507| 568] 628] 690} 751] 812] 874 
26| 86] 146] 206] 266] 326] 387] 447] 508] 569] 629] 691] 752] 813] 875 
27) 87| 147] 207| 267] 327] 388] 448] 509] 570] 631] 692] 753] 815} 876 
28} 88] 148! 208] 268] 328] 389] 449] 510] 571] 632} 693] 754| 816} 877 
29} 89} 149] 209] 269] 330] 390| 450] 511| 572| 633] 694] 755] 817] 878 


30}. 90] 150] 210] 270] 331] 391] 451] 512] 573) 634| 695] 756} 818] 879 
31] 91} 151] 211] 271] 332] 392] 452] 513] 574] 635) 696] 757) 819] 880 
32] 92) 152] 212] 272] 333] 393] 453] 514] 575| 636| 697| 758] 820] 882 
33| 93] 153] 213] 273] 334] 394] 454] 515| 576) 637] 698] 759] 821] 883 
34] 941 154] 2141 274] 335] 395] 455] 516] 577| 6381 699] 760] 822] 884 
35} 95} 155} 215] 275! 336] 396] 456] 517| 578] 639] 700] 761) 823) 885 
36| 96} 156] 216} 276] 337| 397] 457| 518] 579| 640] 701| 762) 824) 886 
37] 97] 157) 217| 277] 338] 398] 458] 519| 580] 641) 702| 763) 825) 887 
38] 98] 158] 218] 2781 339] 399] 459] 520] 581] 642! 703| 764| 826) 888 
39] 99] 159] 219} 279! 340] 400] 460] 521) 582) 643] 704] 765) 827) 889) 


40} 100] 160} 220] 280] 341] 401] 461} 522] 583] 644| 705] 766} 828) 890 
4\| 101] 161} 221) 281] 342] 402] 462] 523) 584| 645| 706] 767) 829) 891 
42} 102} 162) 222] 282] 343] 403} 463] 524| 585| 646} 707} 768} 830] 892 
43} 103] 163] 223] 283] 344] 404] 464] 525| 586] 647] 708] 769] 831) 893 
44] 104] 164] 224] 284] 345] 405| 465] 526] 587| 648] 709] 770} 832) 894 
45) 105] 165] 225] 285] 346] 406] 466] 527| 588] 649| 710} 771) 833) 895 
46] 106} 166] 226] 286] 347] 407| 467| 528] 589) 650| 711} 772) 834} 896 
47| 107| 167) 227| 287] 348] 408] 468] 529] 590| 651} 712| 773) 835) 897 
48} 108] 168) 228] 288] 349] 409} 469] 530] 591| 652} 713] 774| 836] 898 
49} 109} 169} 229) 289] 350] 410} 470] 531| 592| 653} 714] 775] 837) 899 


50; 110} 170; 230] 290} 351] 411] 471| 532| 593} 654] 715] 777) 838} 900] 962 
511 111] 171] 231] 2901] 359 412] 472| 533] 594) 655) 716) 778) 839) 901 
52) 112) 172| 232) 292) 353] 413] 473] 534| 595} 656) 717| 779) 840} 902 
53] 113} 173) 233) 293] 354] 414] 474] 535) 596] 657| 718} 780] 841] 903 
54) 114) 174) 234) 294] 355] 415} 476] 536| 597| 658} 719} 781] 842) 904 
55) 115] 175) 235) 295) 356] 416} 477| 537| 598] 659} 720} 782) 843} 905} 
56| 116] 176} 236} 296] 357) 417| 478] 538] 599] 660] 721) 783) 844] 906 
57) 117) 177| 237) 297] 358] 418) 479] 539! 600] 661) 722) 784) 845} 907 
58| 118] 178] 238} 298; 359] 419} 480] 540] 601) 662| 723) 785} 846] 908] 97 
59} 119) 179) 239] 299) 360; 420) 481} 541} 602} 663) 724) 786) 847) 909) 


~~ i ideatiatacaren cacmem 


———_. 


TABLE IIL. 67 


MERIDIONAL PARTS. 


—— | —__—___ 
Se) Ree, eee ee ee eee 
ee eee) 


Ss Sees See ee ee ee eee ee eee Pe ey 


ee fp J SF | | ——_—___. | —___ pee Sas 


———— epee ee | | 7 
eo —<—_. | — ——————. |§ | —— —————_ ] ———————_ 
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SOE Gane Fie eS” TREE SSOP: CSL TAT 


TABLE III. 
MERIDIONAL PARTS. 


188] 
1883 
1884 
1885} 1955 
1886} 1956 
1887] 1957 


gt Nie 


TABLE III. 69 a 


MERIDIONAL PARTS. 


1, 4 42°) 43°74 44° 1 45° | 46° | 47° | 48° 
~~ 0} 2782) 2863] 2946! 3030] 3116] 3203] 3292 
1| 2783} 2864] 2947] 3031] 3117] 3204! 3293 
21 2784) 2866] 2949} 3033] 3118] 3206, 3295 
3| 2786| 2867] 2950} 3034] 3120] 3207) 3296 
4| 2787| 2869] 2951] 3036] 3121} 3209] 3298 
5] 2788] 2870] 2953) 3037| 3123] 3210] 3299 
6] 2790} 2871] 2954} 3038] 3124] 3212), 3301 
71 2791| 2873} 2956| 3040| 3126] 3213! 3302 
8} 2792] 2874) 2957] 3041] 3127] 3214! 3303 
9} 2794! 2875] 2958] 3043] 3129] 3216). 3305 


———__—— |] 


10} 2795) 2877) 2960) 3044] 3130} 3217) 3306 
11] 2797) 2878) 2961} 3046] 3131] 3219) 3308 
12] 2798} 2880) 2963) 3047} 3133] 3220) 3309 
13] 2799) 2881) 2964} 3048) 3134} 3222) 3311 
14} 2801} 2882) 2965} 3050} 3136) 3223) 3312 
15] 2802} 2884] 2967| 3051) 3137) 3225]. 3314 
16] 2803) 2885) 2968} 3053} 3139) 3226) 3316 
17} 2805] 2886} 2970) 3054} 3140) 3228) 3317} 
18] 2606} 2888] 2971] 3055) 3142) 3229) 3319 
19} 2807) 2889) 2972) 3057) 3143) 3231} 3320 


20] 2809] 2891] 2974] 3058) 3144] 3232) 3322 
21} 2810] 2892) 2975] 3060] 3146) 3234] 3323 
22) 2811) 2893} 2976] 3061} 3147| 3235] 3325 
93) 2813] 2895| 2978] 3063] 3149] 3237) 3326 
24) 2814) 2896} 2979} 3064] 3150} 3238) 3328 
95) 2815] 2897} 2981} 3065] 3152] 3240] 3329 
961 2817| 2899] 2982) 3067] 3153] 3241) 3331 
971 2818] 2900} 2983] 3068] 3155) 3242) 3332 
281 28261 2902) 2985| 3070] 3156} 3244) 3334 
99] 2821] 2903] 2986] 3071] 3157] 3245) 3335 


730] 2822] 2904] 2988] 3073] 3159] 3247] 3337 
31} 2824] 2906] 2989} 3074] 3160] 3248) 3338 
39) 2825] 2907] 2991| 3075] 3162) 3250] 3340 
33) 2826) 2908} 2992] 3077| 3163] 3251] 3341 
341 2828] 2910| 2993} 3078] 3165| 3253] 3343 
35| 2829] 2911] 2995] 3080} 3166} 3254] 3344 
36| 2830} 2913] 2996] 3081) 3168) 3256] 3346 
371 2832) 2914] 2998} 3083] 3169] 3257] 3347 
38] 2833} 2915} 2999} 3084} 3171} 3259] 3349 
39| 2834] 2917| 3000] 3085} 3172} 3260] 3350 

~ 40] 2836] 2918] 3002] 3087] 3173] 3262] 3352 
41} 2837| 2919| 3003] 3088] 3175| 3263] 3353 
42) 2839| 2921] 3005} 3090] 3176] 3265} 3355 
43) 2840| 2922) 3006] 3091] 3178] 3266) 3356 
44| 2841] 2924] 3007} 3093] 3179| 3268) 3358 
45) 2843] 2925] 3009| 3094] 3181} 3269] 3359 
46) 2844] 2926} 3010| 3095] 3182} 3271] 3361 
47| 2845] 2928] 3012| 3097| 3184] 3272] 3362 
48) 2847) 2929) 3013] 3098] 3185) 3274) 3364 
49) 2848] 2931] 3014] 3100] 3187} 3275} 3365 


50} 2849] 2932) 3016} 3101] 3188) 3277| 3367]. 
51} 2851) 2933) 3017} 3103) 3190) 3278) 3368 
521 2852] 2935) 3019} 3104] 3191) 3280| 3370 
53} 2854] 2936} 3020} 3105) 3192) 3281) 3371 
54] 2855] 2937) 3021) 3107] 3194) 3283) 3373 
Kd} 2856) 2939) 3023) 3108) 3195] 3284) 3374 
56] 2858) 2940} 3024] 3110} 3197| 3286] 3376 
57] 2859) 2942) 3026] 3111} 3198] 3287) 3378 
58} 2866) 2943) 3027] 3113] 3200} 3289) 3379 
59} 2862) 2944) 3029] 3114] 3201) 3290) 3381 


“0 TABLE ILL. 


MERIDIONAL PARTS. if 


5} 4411| 4529] 4651) 4777 
4413} 4531} 4653) 4779 
4415} 4533} 4655] 4781 
4417| 4535] 4657| 4784 
4419) 4537| 4660) 4786 
4421} 4539| 4662) 4788 
4423) 4541] 4664} 4790 
4425| 4543) 4666] 4792 
4427| 4545) 4668] 4794 


tee ers ree ieins | eoenectencneecemees | eamestieererennscae {reese <Sstirteseasisae den nc  g eeneeeeel 


4429) 4547| 4670} 4796 
4431] 4549) 4672} 4798 
4433] 4551] 4674| 4801 
4434] 4553} 4676| 4803 
4436} 4555| 4678} 4805 
4438] 4557) 4680} 4807 
4440} 4559| 4682} 4809 
4442) 4562) 4684] 4811 
4444| 4564] 4687] 4814 
4446} 4566| 4689} 4616 


20} 4003] 4110] 4220) 4332) 4448] 4568) 4691) 4818 
21] 4005) 4112) 4221) 4334| 4450) 4570) 4693} 4820 
22} 4006} 4113) 4223) 4336) 4452) 4572] 4695) 4822 
23} 4008} 4115} 4225] 4338) 4454] 4574) 4697) 4824 
24] 4010} 4117} 4227) 4340) 4456] 4576| 4699] 4826 
25} 4012} 4119} 4229) 4342) 4458] 4578] 4701) 4829 
26} 4014} 4121} 4231) 4344] 4460} 4580} 4703) 4831 
27| 4015] 4122} 4232] 4346) 4462] 4582] 4705} 4833 
28} 4017) 4124) 4234] 4347) 4464] 4584] 4707| 4835 
29} 4019) 4126} 4236) 4349] 4466] 4586] 4710) 4837 


59° | 60° 
3968| 4074] 4183] 4294 4409) 4527 4649| 4775 


————— J K— | ee] | | J SE | | | | J] 


30] 4021} 4128) 4238] 4351] 4468] 4588] 4712) 4839 
31} 4022] 4130} 4240) 4353) 4470) 4590) 4714] 4842 
32] 4024] 4132) 4242) 4355] 4472} 4592) 4716] 4844 
33] 4026] 4133} 4244] 4357) 4474] 4594] 4718] 4646 
34] 4028] 4135] 4246] 4359) 4476] 4596) 4720) 4848 
35} 4029) 4137] 4247) 4361} 4478} 4598) 4722] 4850 
36] 4031} 4139] 4249] 4363) 4480} 4600) 4724] 4852 
37] 4033) 4141} 4251] 4365| 4482} 4602) 4726] 4855 
38] 4035} 4142) 4253) 4367| 4484} 4604] 4728] 4857 
39} 4037) 4144) 4255) 4369) 4486} 4606) 4731} 4859 


40} 4038} 4146} 4257] 4370] 4488] 4608] 4733) 4861 
Aly 4040} 4148) 4259) 4372) 4490) 4610) 4735} 4863 
42) 4042) 4150) 4260) 4374} 4492) 4612) 4737) 4865 
431 4044) 4152) 4262) 4376| 4494| 4614) 4739] 4868 
44) 4045} 4153) 4264) 4378) 4495| 4616} 4741) 4870 
45] 4047} 4155] 4266) 4380} 4497; 4618} 4743] 4872 
46} 4049) 4157] 4268} 4382) 4499| 4620] 4745| 4874 
47} 4051} 4159} 4270) 4384} 4501) 4623] 4747| 4876 
48} 4052] 4161} 4272) 4386! 4503} 4625] 4750] 4879 
49} 4054] 4162) 4274) 4388] 4505} 4627} 4752} 4881 


——— | | | [| | | | | ee, 


50} 4056} 4164] 4275} 4390} 4507| 4629] 4754} 4883 
51) 4058} 4166] 4277) 4392) 4509] 4631} 4756| 4885 
52] 4060} 4168] 4279) 4394} 4511} 4633] 4758} 4887 
53} 4061] 4170} 4281) 4396} 4513] 4635} 4760} 4890 
54] 4063] 4172] 4283) 4398} 4515] 4637) 4762] 4892 
55] 4065} 4173) 4285} 4399| 4517) 4639] 4764] 4894) 
56] 4067) 4175} 4287! 4401} 4519} 4641} 4766] 4896 
57| 4069] 4177] 4289! 4403} 4521! 4643) 4769} 4898 
58} 4070; 41791 4291) 4405 


| 4523 
59} 4072 48) 4292) 4407 


4525 


4645) 4771} 4901 
4647| 4773} 4903! 


TABLE Hf. 


MERIDIONAL PARTS. 


——-_ | | | EEE | | ES SF  _s F_ 


—— | | | | ———__  ——_ 


ef T_T | J | | | ——_____ | —__—__— 


TABLE III. 


MERIDIONAL PARTS. 


SCeONAUMEWNHHE OS 


— 


ee 
Who 


9493 
9501 
9509 
9517 
9525 
9533 
9541 
9549 
9557 
9565 
9573 
9581 
9589 
9598 


a acer Se cenceeesssGenenane 


9606|10137|10765 
9614|10146]10776 
9622|10156|10788 
9631)10166|10799 
9639|10175}10811 
*9647110185|10822 
9655|10195|10834 
9664|10205/10846 
9672|10214|10858 
9680] 10224110869 
9689|10234!10881 


25| 9697|10244|10893 


9706|10254}10905 
9714}10264}10917 
9723) 10273|10929 
9731} 10283}10941 
9740) 10293)10953 
9748} 1030310965 
9757)|10314|10978 
9765|10324/10990 
9774|10334]11002 


9783} 10344}11014 
9791}10354}11027 
9800} 10364}11039 
9809] 10374}11052 
9817|10385/}11064 
9826|10395)11077 
9835|10405/11089 
9844/10416)11102 
9852|10426)11115 
9861)10437/11127 


9870} 10447)11140 
9879)|10457/11153 
9888/10468}11166 
9897|10479/11179 
9906|10489/11192 
9915/10500)11205 
9924/10510/11218 
9933}10521}11231 
9942/10532)11244 
9951)10542)11257 


9960|10553|11270 
9969|10564|11284 
9978|10575|11297 
9987|10586|11310 
9996|10597|11324 
10005|10608] 11337 
10015|10619]11351 
10024|10630|11365 
10033}10641]11378 
10043|10652]11392 
10052|10663]11406 
10061|10674| 11420 
10071|10685|11434 
10080|10696|11448 
10089|10708/11462 
10099|10719|11476 
10108]10730}11490 
10118]10742}11504 
10127|10753]11518 


eee oh — : 
gahertiage? Rei a | Points. 


bobo bs bo 
Aloatops ple 


QO to Ge Yo 
PO Ale 


| mS 


Zz 
2 


COnn OTe Go bo ee 


Sine. 


0.000000 


8.690796 
8.991302 
9.166520 


9.290236 
9.385571 
9.462824 
9.527488 


9.582840. 
9.630992 
9.673387 
9.711050 


9.744739 
9.775027 
9.802359 
9.827084 


9.849485 


Co-sine. 


0.000000 
0.301030 
0.477121 
0.602060 
0.698970 


0.778151 
0.845098 
0.903090 
0.954243 
1.000000 


1.041393 
1.079181 
1.113943 
1.146128 
1.176091 


1.204120 
1.230449 
1.255273 
1.278754 
1.301030 


Co-sine. 


10.000000 


9.999477 
9.997904 
9.995274 


9.991574 
9.986786 
9.980885 
9.973841 


9.965615 
9.956163 
9.945430 
9.933350 


9.919846 
9.904828 
9.888185 
9.869790 


9.849485 


Sine. 


TABLE IV. 
LOGARITHMIC SINES, TANGENTS, AND SECANTS, to every Point 
and Quarter Point of the Compass. 


Tangent. 


0.000000 


8.691319 
8.993398 
9.171247 


9.298662 
9.398785 
9.481939 
9.553647 


9.617224 
9.674829 
9.727957 
9.777700 


9.824893 
9.870199 
9.914173 
9.957295 


10.000000 


Co-tang. 


Co-tang. 


Infinite. 
11.308681 
11.006602 
10.828753 


10.701338 
10.601215 
10.518061 
10.446353 


10.382776 
10.325171 
10.272043 
10.222300 


10.175107 
10.129801 
10.085827 
10.042705 


10.000000 


Tangent. 


TABLE V. 


10.150515 


Secant. 


10.000000 


10.000523 
10.002096 
10.004726 


10.008426 
10.013214 
10.019115 
10.026159 


10.034385 
10.043837 
10.054570 
10.066650 


10.080154 
10.095172 
10.111815 
10.130210 


Co-sec. 


LOGARITHMS OF NUMBERS. 


21 
22 
23 


1.414973 
1.431364 
1.447158 
1.462398 
1.477121 


1.491362 
1.505150 
1.518514 
1.531479 
1.544068 


1.556302 
1.568202 
1.579784 
1.591065 
1.602060 


1.322219 
1.342423 
1.361728 
1.380211 
1.397940 


1.662758 
1.672098 
1.681241 
1.690196 
1.698970 


1.707570 
1.716003 
1.724276 
1.732394 
1.740363 


1.748188 
1.755875 
1.763428 
1.770852 
1.778151 


—j|—_—. 


1.612784 
1.623249 
1.633468 
1.643453 
1.653213 


1.785330 
1.792392 
1.799341 
1.806180 
1.812913 


1.819544 
1.826075 
1.832509 
1.838849 
1.845098 


1.851258 
1.857332 
1.863323 
1.869232 
1.875061 


1.880814 
1.886491 
1.892095 
1.897627 
1.903090 


Co-sec. 


11.309204 
11.008698 
10.833480 


10.709764 
10.614429 
10.537176 
10.472512 


10.417160 
10.369008 
10.326613 
10.288950 


10.255261 
10.224973 
10.197641 
10.172916 


10.150515 


— 


Secant. 


Infinite. 


73 


AATR AABN WN] Points, 
Ale tok ales Ae bop alce Almtolmeafos 


OF 
Bf to Ayo 


Seed ee 


1.908485 


1.913814 
1.919078 
1.924279 
1.929419 


1.934498 
1.939519 
1.944483 
1.949390 
1.954243 


1.959041 
1.963788 
1.968483 
1.973128 
1.977724 


1.982271 
1.986772 
1.991226 
1.995635 


2.000000 


4321 
8600 


5306 
9384 


5323 
9218 


4458 
8186 


3804 
7210 


3852 
7105 


3539 
6721 


5336 
8362 


4353 
7317 


TABLE V. 
Logarithms from 1 to 10,000. 


4751] 5181} 5609]. 6038] 6466) 6894] 7321] 7748] 8174]428 
9026} 9451] 9876)010300)010724/0111471011570/011993|012415)424 
4521) 4940] 5360] 5779| 6197} 6616)419 
8700] 9116} 9532} 9947|020361|020775 
4486| 48961412 
5715] 6125} 6533) 6942) 7350] 7757] 8164] 8571] 8978)408 
9789|030195/030600|031004}031408|031812 032216/032619/0330211404 
4227| 4628} 5029} 5430] 5830 ; 
8223 oe 9017 ue 


5714 
9606 
blonetie 4230} 4613] 4996 pale 
7666| 8046} 8426] 8805} 9185 


4832) 5206} 5580 
8557} 8928] 9298 
3718}. 4085 4816 
7368 sips te 


4219 4576} 4934 9647 
7781| 8136} 8490 9198 


3772| 4122) 4471) 4820} 5169) 5518] 5866] 
7257| 7604) 7951} 8298) 8644) 8990) 9335) 


4146] 4487; 4828) 5169} 5510} 5851] 6191] 6531 687 11340 
7549) 7888) 8227 8565) 8903} 9241] 9579 


4178| 4504] 4830] 5156] 5481] 5806] 6131 
7429| 7753} 8076} 8399] 8722) 9045} 9368 


3858] 4177| 4496} 4814} 5133] 5451) 5769 
7037| . 7354} 7671} 7987] 8303) 8618} 8934 


3205} 3510 3815 4120 4424 
5640} 5943} 6246) 65491 6852) 7154) 7457 
8664} 8965] 9266) 9567 
3161} 3460 
4650} 4947) 5244) 5541 5838 6134] 6430). 
7613} 7908] 8203) 8497 8792 9086] 9380 


152}181844 | 182129)182415 182700 2985| 3270} 3555 


153} 4691 


4975} 5259) 5542) 5825) 6108) 6391 
7803} 8084] 8366, 8647) 8928} 9209 


34031 3681} 3959] 4237) 4514) 4792 ) 5346 
6176] 6453) 6729) 7005 fae 7556 ‘ 8107 
8932| 9206} 9481 


159|201397|201670|201943|202216 202488} 3577 


"TABLE V. 
Logarithms from 1 to 10,000. 


et & ae ae i ile al i 8 aS ian 
160} 204120/204391/204663)|204934|205204/205475|205746/206016/206286|206556/271 
6826} 7096) 7365 7634 7904) 8173) 8441 
9515 
163]212188 212454 2720| 2986 39521 3518} 3783 4314 
164) 4844) 5109) 5373) 5638) 5902} 6166] 6430 6957 
7484 7747 8010 8273 8536 8798) 9060 9585 


2716} 2976 3236] 34967 3755} 4015] 4274 
5309} 5568} 5826} 6084) 6342) 6600} 6858 4372 
ebbal dg 8144 peebo iBped 8913 “Beg ~~ 9938 230193) _ 


2096) 3250} 3504 3757 “4011 4264 ‘17 5023 5276 oe 

5528) 5781} 6033] 6285] 6537) 6789) 7041 7544| 7795 pas 
8046} 8297 8548 8799 9049 9299} 9550 

“2541 2790 vs 

3038| 3286} 3534] 3782 4030 4277| 4525 5019} 5266/248 

9513} 5759} 6006) 6252) 6499) 6745] 6991 7482| 77281246 

7973| 8219) 8464) 8709} 8954) 9198) 9443 9932/250176]245 

2610}243 

50314242 


183] 2451) 2688) 2925) 3162) 3399) 3636} 3873 | 4346| 45821237 
184) 4818) 5054) 5290) 5525) 5761) 5996) 6232 6702 6937|235 
185} 7172} 7406} 7641) 7875 8110) 8344 58578) 
186} 9513} 9746 
187]271842|/272074|272306| 2538} 2770 3001). 3233 3696 

4158} 4389 be 4850} 5081) 5311] 5542 6002 

6462 6692 6921 fApt 7 oH) £609 7838 8296 


191 281033 281261)281488)}281715 ative 282169 2396 
192) 3301] 3527) 3753) 3979) 4205] 4431) 4656 
5557| 5782} 6007) 6232) 6456) 6681) 6905 7354 
8026) 8249) 8473} 8696) 8920} 9143) 9: 9589 


2256| 2478) 2699) 2920) 3141] 3363) 3584 ! 

4466} 4687; 4907; 5127) 5347) 5567] 5787 6226 
6665} 6884) 7104) 7323) 7542) 7761) 7979 8416 
8853} 9071 gee) 9507| 9725 atl sores 


3196| 3412| 3628 3844 4059) 4275 449] 4921 

5351} 8566) 5781) 5996) 6211) 6425] 6639 ‘ 7068 

7496} 7710) 7924) 8137) 8351} 8564] 8778 9204 

9630 
2051311754/311966| — 2177; 2389) 2600] 2812) 302: ‘ 3445) 3656}211 
206) 3867; 4078) 4289] 4499) 4710}; 4920) 5130 5991} 5760/210 
207} 5970) 6180) 6390} 6599} 6809} 7018) 7227 7646] 7854)209 
208] 8063} 8272 R481) or 8898) Baia) 9314 ae 9938 208 
209}320146|320354|. 


210)322219/322426)- 
4282} 4488 4694 “4899| “5105 5310 seo 5926 
6541} 6745) 6950) 7155) 7359) 7563 7972 
8380} 8583] 8787} 8991 J194 9398) 9601 
2144330414 /330617)3 "2034 
215} 2438) 2640 2849] 3044 3246) "3447 3649} 38: 4051 
216) 4454) 4655} 4856) 5057) 5257) 5458] 5658] 58: 6059 
217} 6460| 6660) 6860} 7060) 7260] 7459| 7659) 78: 8058 
218} 8456) 8656} 8855) 9054} 9253] 9451] 9650 


ro) 2) 


76 TABLE V. 
Logarithms from 1 to 10,000. 


a es ee a a a 


4392| 4589} 4785) 4981] 5178} 5374] 5570] 5766] 5962} 6157]196 
6353} 6549] 6744) 6939) 7135; 7330) 7525) 7720) 7915} 8110]195 
8305}. 8500) 8694} 8889)° 9083) 9278} 9472] 9666} 9860/350054]194 


2183) 2375] 2568) 2761] 2954) 3147] 3339] 3532} 3724) 3916193 
4108; 4301] 4493) 4685) 4876} 5068} 5260) 5452] 5643) 5834]192 
6026) 6217] 6408) 6599} 6790} 6981} 7172) 7363) 7554) 7744}191 
7935| 8125] 8316} 8506} 8696} 8886} 9076} 9266] 9456] 9646}]190 


Pea a ee a Se ee ay (RCT ASE I) (0 nee RE Sis) ese ae PISS I eee re rey! (aE a oe 


3612} 3800} 3988} 4176] 4363) 4551) 4739; 4926) 5113} 5301}188 
5488] 5675| 5862} 6049} 6236] 6423) 6610] 6796) 6983) 7169}187 
7356} 7542) 7729] 7915} 8101] 8287] 8473] 8659] 8845) 9030/186 
9216} 9401] 9587} 9772) 9958/370143/370328/370513|370698|370883}185 
235]371068)371253|371437|371622/371806} 1991} 2175} 2360) 2544) 2728)184 
2912} 3096} 3280} 3464) 3647] 3831) 4015} 4198) 4382] 4565184 
4748) 4932} 5115} 5298] 5481} 5664] 5846} 6029] 6212) 6394/183 
6577) 6759} 6942] 7124) 7306) 7488) 7670) 7852) 8034} 8216}182 
8398} 8580] 8761] 8943} 9124| 9306) 9487] 9668) 9849/380030)181 


——— | cu“ ley | | CS ee | oo _ I I 


2017} 2197) 2377) 2557| 2737) 2917| 3097) 3277) 3456) 3636}180 
3815) 3995] 4174} 4353) 4533] 4712) 4891} 5070) 5249) 54281179 
5606} 5785] 5964] 6142) 6321} 6499] 6677) 6856) 7034) 72121178 
7390) 7568] 7746| 7924; 8101] 8279) 8456) 8634; 8811] 8989}178 
9166) 9343] 9520} 9698) 9875/390051|390228/390405|390582/3907591177 
246390935 |3911121391288/391464/391641} 1817} 1993; 2169} 2345) 25211176 
2697; 2873) 3048] 3224} 3400] 3575} 3751) 3926) 4101) 4277/1176 
4452) 4627) 4802} 4977| 5152) 5326) 5501] 5676} 5850} 6025)175 
6199 Mest epee 6722} 6896} 7071) 7245| 7419} 7592) 7766|174 


BenlbovOINI2Gd11 1 lnbGddos DOGIF1 boule lao eendlnnbonls0aTE lianas eee 


2521/401401/401573] 1745) 1917; 2089} 2261|° 2433) 2605) 2777) 2949)172 
3121} 3292) 3464) 3635} 3807; 3978) 4149} 4320) 4492) 4663)171 
4834; 5005} 5176] 5346} 5517) 5688} 5858) 6029} 6199) 6370}171| 
6540} 6710} 6881} 7051) 7221) 7391) 7561) 7731) 7901) 8070}170) 
8240} 8410} 8579] 8749] 8918) 9087) 9257) 9426) 9595) 97641169) 


258]411620| 1788] 1956} 2124] 2293] 2461] 2629] 2796] 2964) 3132)168| 
3300} 3467| 3635} 3803} 3970) 4137) 4305] 4472) 4639) 4806167) 


SAPe Poe Renee ese wene sean (Ea y cP ODER PIP USEST EN DEI EEE EE PEs ee 


6641} 6807| 6973] 7139] 7306 7472 7638 7804| 7970 ‘8135 166) 
ae 8467) 8633} 8798 8964 9129 9295} 9460) 9625] 9791)165). 


264 401604 1768] 1933} 2097} 2261) 2426] 2590] 2754) 2918] 3082]164| 
3246) 3410] 3574) 3737} 3901} 4065! 4228] 4392) 4555) 4718)164) 
4882) 5045) 5208] 5371] 5534) 5697] 5860) 6023) 6186) 6349)163) 
6511] 6674} 6836] 6999} 7161] 7324} 7486] 7648| 7811] 7973}162 
8135 Pied 8459} 8621] 8783 Rte 9106; 9268); 9429 weal 162 


PPS bmp ry CE eat Epa re bree Lema wacnives reo at mapnal lemsemepmnpeed bemmer cr mtg) om 


2969} 3130) 3290] 3450] 3610} 3770) 3930] 4090} 4249) 44091160 
272} 4569) 4729} 4888) 5048) 5207) 5367| 5526) 5685) 5844) 6004)159 
6163} 6322} 6481] 6640) 6799] 6957) 7116] 7275) 7433] 7592}159 
7751| 7909} 8067] 8226) 8384) 8542! 8701} 8859) 9017) 9175}158 
9333} 9491] 9648] 9806) 9964|440122]440279|440437|440594/440752]158) 
2761440909/441066/441224/441381/441538) 1695) 1852} 2009) 2166) 2323)157 
277) 2480) 2637| 2793} 2950) 3106) 3263} 3419} 3576) 3732) 3889]157 
. 4045| 4201) 4357) 4515) 4669] 4825) 4981) 5137) 5293) 54491156 
279| 5604). 5760; 5915} 6071) 6226| 6382) 6537| 6692| 6848) 7003]155 


1 RS TT 


ier Mire eee 


TABLE V. 


Logarithms from 1 to 10,000. 


é 


ree 


at es Pe eee 
280/447 158/447313/447468]|447623/447778|447933/448088 |448242 
9170; 9324} 9478) 9633) 9787 
450249 |450403 |450557|450711/450865 |451018)451172/451326 
2247| 2400} 2553) 2706) 2859 
3777| 3930) 4082) 4235) 4387 
5302} 5454; 5606} 5758) 5910 
6821) 6973} 7125} 7276) 7428 
8336| 8487) 8638) 8789) 8940 
9845| 9995 |460146|460296/460447 
289}460898/461048/461198|461348/461499| 1649) 1799} 1948 
290}462398/462548)}462697 |462847 |462997 |463146/463296 
4340} 4490) 4639; 4788] 4936 
5829; 5977) 6126) 6274) 6423 
7312| . 7460; 7608) 7756] 7904 
| 8790} 8938) 9085} 9233) 9380 
9969|470116/470263|470410/470557|470704|470851 
1732} 1878) 2025) 2171) 2318 
3195} 3341) 3487} 3633) 3779 
4653} 4799) 4944) 5090) 5235 
6107| 6252) 6397) 6542} 6687 
300}4771211477266|477411 7411 477555|477700|477844|477989|47 
8999} 9143) 9287) - 9431} 9575 
302/480007 |480151/480294|480438 480582480725 480869 
1872; 2016) 2159) 2302) 2445 
3302} 3445) 3587; 3730) 3872 
4727; 4869} 5011} 5153} 5295 
6147| 6289} 6430) 6572} 6714 
7563} 7704} 7845) 7986} 8127 
8974! .9114| 9255} 9396] 9537 


[D. 


21448397 |4485521155 
9941/450095]154 


463445 


———— ff ——oueoe js Of EO | | ES 


3179| 3319} 3458) 3597) 3737 

4572| 4711) 4850} 4989) 5128 

5960} 6099; 6238} 6376) 6515 

7344| 7483} 7621] 7759) 7897 

8724} 8862} 8999) 9137) 9275 
9962|500099 |500236|500374/500511/500648/500785|500922)137 

1470} 1607) 1744); 1880; 2017 

2837| 2973} 3109) 3246) 3382 

4199; 4335) 4471} 4607) 4743 
320/505150/505286|505421 1505557 (505693 5058281505964 '506099|506234 5063701136 

) 6911}. 7046) 7181) 7316) 7451 

8260} 8395} 8530} 8664) 8799 

9606} 9740 

10545|510679|510813|510947|511081|511215| 1349) 1482 

2284; 2418) 2551) 2684) 2818 

3617| 3750) 3883} 4016] 4149 

4946} 5079} 5211} 5344) 5476 

6271); 6403} 6535} 6668) 6800 

7592| 7724) 7855) 7987) 8119 


I snp | eee, | eer ee | oem | Se ie 


1530} 1661 
2835! 2966 
4136| 4266 
5434| 5563 
6727| 6856 
8016) 8145 
9302) 9430 


Tp 


1792 
3096 
4396 
5693 
6985 
8274 
9559 


5 


{ 


1922 
3226 
4526 
5822 
7114 
8402 
9687 


oni 


2053 
3356 
4656 
5951 
7243 
8531 
9815 


TABLE V. 
Logarithms from 1 to 10,000. 


BY | eee | 6 


2754 3009} 3136} 3264} 3391] 3518) 3645) 3772} 3899]127 
4026 4280} 4407| 4534} 4661] 4787) 4914) 5041} 5167)127 
5294 5547| 5674}. 5800} 5927) 6053) 6179} 6306} 6432/126 
6558 5{ 6811] 6937) 7063) 7189) 7315) 7441) 7567) 7693|126 
7819 8071} 8197) 8322) 8448) 8574) 8699) 8825| 8951)126 
9076 9327| 9452) 9578) 9703) 9829) 9954|540079|540204]125 
1330) 1454]125 
1579} 1704) 1829) 1953) 2078) 2203] 2327| 2452) 2576) 27014125 
2825) 2950} 3074) 3199) 3323] 3447) 3571| 3696) 3820) 3944}124 


545060/545185)124 
5307| 5431) 5555) 5678) 5802) 5925) 6049) 6172) 6296) 6419}124 
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6461810233/810300|810367/810434/810501/810569| 810636} 0703) 0770] 0837 
647} 0904; 0971} 1039} 1106) 1173} 1240) 1307] 1374] 1441] 1508 
648] 1575} 1642} 1709) 1776) 1843) 1910} 1977| 2044) 2111) 2178 
649] 2245) 2312} 2379) 2445) 2512) 2579) 2646) 2713) 2780] 2847 


650812913 812980 813047 813114|813181|813247|813314|813381|813448|813514| 67 
6 


3581 
4248 
4913 
5578 
6241 
6904 
7565 
8226 
8885 


3648 
4314 
4980 
5644 
6308 
6970 
7631 
8292 
8951 


3714 
A381 
5046 
5711 
6374 
7036 
7698 
8358 
9017 


3781 
4447 
5113 
5777 
6440 
7102 
7764 
8424 
9083 


3848 
4514 
5179 
5843 
6506 
7169 
7830 
8490 
9149 


3914 
4581] 
5246 
5910 
6573! 
7235 
7896 
8556 
9215 


3981 
4647 
5312 
5976 
6639 
7301 
7962 
8622 
9281 


4048 
4714 
5378 
6042 
6705 
7367 
8028 
8688 
9346 


4114 
4780 
5445 
6109 
6771 
7433 
8094 
8754 
9412 


4181 
4847 
5511 
6175 
6838 
7499 
8160 
8820 
9478 


660|819544|819610|819676|819741|819807|819873|819939|820004|820070|820136) 6 
6611820201 |820267 |820333)|820399|820464/820530) 820595 


0858 
1514 
2168 


0924 
1579 
2233 
2887 
3539 
4191 
484] 
5491 


0989 
1645 
2299 


1055 
1710 
2364 


1120 
1775 
2430 


1186 
1841 
2495 


1251 
1906 
2560 


0661 
1317 
1972 
2626 


0727 
1382 
2037 
2691 


0792 
1448 
2103 
2756 


6704826075 |826140|826204)/826269|826334 [826399 |826464/826528/826593/826658 


6723 
7369 
8015 
8660 
9304 


6787 
7434 
8080 
8724 
9368 


6852 
7499 
8144 
8789 
9432 


6917 
7563 
8209 
8853 
9497 


6981 
7628 
8273 
8918 
9561 


7046 
7692 
8338 
8982 
9625 


Turk 
GUT 
8402 
9046 
9690 


7175 
7821 
8467 
9111 
9754 


7240 
7886 
8531 
9175 
9818 


7305 
7951 
8595 
9239 
9882 


9947/|830011)/830075|830139/830204 |830268|830332/830396|830460)830525 


1230 
1870 


1294 
1934 


1358 
1998 


0781 
1422 
2062 


03645 
1486 
2126 


0909 
1550 
2189 


0973 
1614 
253 


1037 
1678 
2317 


1102 
1742 
2381 


1166 
1806 
2445 


680 832509/832573/832637|832700|832764|832828/832892|832956|833020/833083 


3147 
3784 
442) 
— 5056 


691} 9478 
0733 
1359 
1985 
2609 
3233 
3855 
4477 


3211 
3848 
4484 
5120 


9541 


0796 
1422 
2047 
2672 
3295 
3918 
4539 


3275 
3912 
4548 
5183 


0604 


0859 
1485 
2110 
2734 
3357 
3980 
4601 


3338 
3975 
4611] 
5247 


9667 


0921 
1547 
2172 
2796 
3420 
4042 
4664 


3402 
4039 


4675) 


5310 


9729 


0984 
1610 
2235 
2859 
3482 
4104 
4726 


3466 
4103 
4739 
5373 


9792 


1046 
1672 


2297) 


2921 
3544 
4166 
4788 


3530 
4166 
4802 
5437 


9855 


1109 
1735 
2360 
2983 
3606 
4229 
4850 


3593 
4230 
4866 
5500 


9918 


1172 
1797 
2422 
3046 
3669 
429] 
4912 


3657 
4294 
4929 
5564 


S7 Bi 
4357 
4993 
5627 


9981 840043 
He 840106|840169|840232|840294/840357/840420|840482/840545|840608 


1234 
1860 
2484 
3108 
S75 
4353 
4974 


0671 
1297 
1922 
2547 
3170 
3793 
4415 
5036 


TABLE V. 
‘Logarithms from 1 to 10,000. 


Be fad 

701} 5718] 5780} 5842) 5904] 5966} 6028} 6090} 6151] 6213} 6275} 62 
702) 6337| 6399} 6461]! 6523] 6585! 6646] 6708) 6770) 6832] 6894) 62 
703] 6955] 7017) 7079| 7141] 7202) 7264) 7326] 7388) 7449! 7511] 62) 
704) 7573) 7634) 7696] 7758} 7819} 7881! 7943} 8004] 8066} 8128) 62 
705] 8189] 8251] 8312} 8374| 8435) 8497! 8559| 8620] 8682} 8743] 62) 
706} 8805]} 8866] 8928} 8989} 9051] 9112} 9174) 9235) 9297) 9358] 61 
707] 9419} 9481] 9542} 9604] 9665} 9726) 9788} 9849} 9911} 9972] 61 
708]850033/850095/850156/850217/850279)|850340|850401 |8504621850524|850585] 61 
709} 0646} 0707) 0769} 0830; 0891} 0952} 1014} 1075) 1136} 1197} 61 
710]851258)851320|851381|85 1442/85 1503/85 1564)85 1625|851686|851747|851809| 61 
711f 1870} 1931} 1992) 2053] 2114) 2175} 2236) 2297} 2358) 2419] 61 
712] 2480} 2541] 2602] 2663} 2724] 2785) 2846] 2907] 2968) 3029} 61 
713] 3090} 3150} 3211] 3272) 3333} 3394] 3455] 3516]; 3577) 3637}. 61 
714) 3698] 3759} 3820) 3881} 3941] 4002} 4063] 4124) 4185) 4245) 61 
715] 4306, 4367! 4428) 4488] 4549} 4610) 4670] 4731) 4792) 4852] 61 
716] 4913) 4974) 5034] 5095} 5156| 5216} 5277] 5337] 5398) 5459} 61 
717} 5519) 5580} 5640} 5701] 5761} 5822) 5882} 5943) 6003} 6064] 61 
718} 6124) 6185} 6245] 6306] 6366] 6427] 6487] 6548] 6608) 6668] 60 
719} 6729) 6789] 6850} 6910] 6970] 7031] 7091) 7152) 7212) 7272) 60 
720|857332|857393|857453|857513|857574|857634|857694|857755|857815|857875| 60 
1721} 7935! 7995| 8056] 8116] 8176} 8236} 8297]. 8357]. 8417) 8477} 60 
722) 8537) 8597| . 8657] 8718} 8778] 8838] 8898] 8958] 9018} 9078] 60 
723} 9138} 9198] 9258] 9318} 93791 9439] 9499} 9559] 9619} 9679} 60 
724) 9739) 9799) 9859} 9918] 9978]860038|860098]860158/860218/860273} 60 
725|860338/860398|860458|8605181860578] 0637| 0697| 0757) 0817) 0877} 60 
726} 0937) 0996} 1056} 1116] 1176) 1236} 1295] 1355] 1415] 1475} 60 
727) 1534) 1594) 1654] 1714] 17731 1833] 1893] 1952] 2012] 2072] 60 
728} 2131} 2191} 2251] 2310] 2370] 2430) 2489) 2549] 2608) 2668) 60 
729) 2728) 2787) 2847] 2906} 2966} 3025] 3085) 3144] 3204} 3263} 60 
730]863323|863382!|863442|863501)863561]863620|863680]8637391863799|863858) 59 
731} 3917} 3977} 4036] 4096] 4155] 4214] 4274] 4333] 4392) 4452) 59 
732} 4511) 4570} 4630] 4689} 4748} 4808] 4867) 4926] 4985) 5045} 59 
733] 5104] 5163] 5222) 5282! 5341] 5400] 5459} 5519] 5578] 5637} 59 
7344 5696} 5755) 5814] 5874} 5933] 5992} 6051] 6110} 6169) 6228) 59 
735] 6287] 6346} 6405) 64651 6524) 6583] 6642} 6701] 6760) 6819] 59 
736] 6878} 6937] 6996) 7055} 7114] 7173] 7232] 7291) 7350) 7409} 59 
737) 7467) 7526) 7585) 7644) 7703] 7762| 7821] 7880] 7939) 7998} 59 
738} 8056} 8115} 8174] 8233] 8292} 8350} 8409} 8468] 8527) 8586} 59 
739} . 8644) 8703} 8762) 8821} 8879] 8938] 8997] 9056] 9114) 9173] 59 
7401869232|869290|869349|869408|869466]869525|86958418696421869701/869760| 59 
741} 9818 9877| 9935} 9994/870053}870111}870170)870228/870287|870345} 59 
7421870404|870462|8705211870579! 0638] 0696| 0755] 0813] 0872} 0930] 58 
743} 0989} 1047] 1106} 1164] 1223] 1281} 1339] 1398} 1456} 1515] 58] — 
744) 1573} 1631] 1690} 1748] 1806] 1865] 1923] 1981] 2040] 2098} 58} 
745} 2156} 2215) 2273] 2331) 2389} 2448] 2506] 2564] 2622] 2681] 58 i 
746] 2739| 2797| 2855} 2913} 2972} 3030] 3088] 3146] 3204] 3262) 58/ — 
747) 3321) 3379) 3437] 3495] 3553] 3611] 3669) 3727) 3785) 3844] 58] 
748} 3902] 3960] 4018] 4076] 4134] 41921 4250] 4308] 4366] 4424] 58 : 
749 44821 4540] 4598) 4656| 4714) 4772) 4830] 4888} 4945) 5003] 58] © 
7501875061 /875119|875177|875235 1875293187535 1|875409|8754661875524/875582] 58] 
751} 5640 5756| 5813] 5871] 5929] 5987] 6045} 6102} 6160} 58} 
752] 6218] 6276} 6333) 6391] 6449| 6507] 6564] 6622| 6680) 6737} 58 j 
753] 6795} 6853} 6910} 6968] 7026] 7083} 7141) 7199) 7256) 7314} 58] 
754, 7371 7429! 7487) 7544) 7602) 7659] 7717) 7774) 7832) 7889) 58 
755] 7947| 8004] 8062} 8119; 8177] 8234} 8292] 8349) 8407) 8464} 57 
756] 8522) 8579) 8637| 8694] 8752] 8809] 8866} 8924] 8981 9039] 57 § 
757| 9096} 9153} 9211] 9268] 9325] 9383] 9440} 9497] 9555) 9612) 57|) 
758} 9669 | 9784) 9841) 9898} 9956)/880013}880070/880127/880185} 57) 
7591880242'880299!880356!8804131880471{880528| 0585} 0642| 0699| 07561 57| 

10 | SY RS RRS I WA MRT 7 | 8 apo SPD. | 


re een te 
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4 


TABLE V. 
Logarithms from 1 to 10,000. 


5 


6 | 


a 


8 | 


9 |D. 


7601880814]88087 1]880928'880985]881042)881099]881156/881213)8812711881328] 57 
761) 1385} 1442} 1499} 1556) 1613] 1670) 1727] 1784; 1841] 1898] 57 
762) 1955} 2012} 2069) 2126] 2183) 2240) 2297) 2354) 2411] 2468] 57 
763) 2525| 2581) 2638) 2695] 2752] 2809) 2866) 2923) 2980) 3037] 57 
764) 3093} 3150} 3207) 3264] 3321] 3377) 3434) 3491] 3548] 3605] 57 
7651 3661) 3718] 3775} 3832) 3888) 3945} 4002} 4059} 4115} 4172] 57 
766} 4229) 4285) 4342) 4399} 4455) 4512) 4569) 4625) 4682) 4739] 57 
767) 4795| 4852) 4909] 4965} 5022) 5078} 5135} 5192) 5248] 5305] 57 
768} 5361) 5418} 5474] 5531) 5587) 5644) 5700] 5757) 5813] 5870] 57 
769} 5926} 5983) 6039} 6096} 6152]. 6209} 6265] 6321] 6378] 6434] 56 
770|886491|886547|886604188666018867 16|886773|886829|886885 |886942/886998] 56 
77\)} 7054) 7111) 7167) 7223) 7280) 7336) 7392) 7449| 7505) 7561] 56 
772| 7617| 7674) 7730) 7786) 7842) 7898) 7955] 8011) 8067) 8123] 56 
773) 8179| 8236] 8292] 8348] 8404] 8460) 8516} 8573) 8629) 8685] 56 
774) 8741) 8797) 8853) 8909] 8965) 9021) 9077) 9134) 9190] | 9246} 56 
775) 9302] 9358] 9414] 9470] 9526] 9582] 9638! 9694] 9750} 9806] 56 
776) 9862] 9918] 9974/890030/890086/890141/890197|890253/890309|890365] 56 
77718904211890477/890533} 0589} 0645} 0700) 0756 0812} 0868} 0924] 56 
7781 0980} 1035} 1091] 1147] 1203) 1259) 1314] 1370) 1426] 1482] 56 
7791 1537) 1593) 1649} 1705) 1760] 1816} 1872) 1928) 1983] 2039] 56 
7801892095 |892150/892206/892262/8923 17 |892373|892429/892484|892540/892595] 56 
781} 2651) 2707) 2762) 2818) 2873] 2929) 2985} 3040} 3096} 3151] 56 
782) 3207} 3262) 3318) 3373] 3429) 3484} 3540} 3595] 3651) 3706) 56 
783} 3762) 3817) 3873) 3928] 3984] 4039) 4094); 4150] 4205] 4261] 55 
784{ 4316) 4371] 4427] 4482) 4538} 4593] 4648) 4704) 4759) 4814] 55 
785] 4870) 4925) 4980) 5036} 5091) 5146) 5201] 5257) 5312] 5367] 55 
786] 5423) 5478) 5533) 5588] 5644] 5699) 5754) 5809} 5864] 5920] 55 
787) 5975] 6030) 6085} 6140| 6195] 6251] 6306} 6361] 6416] 6471] 55 
788} 6526} 6581] 6636) 6692] 6747) 6802} 6857) 6912) 6967] 7022] 55 
789) 7077). 7132) 7187| 7242| 7297| 7352| 7407| 7462| 7517] 7572] 55 
7901897627897 6821897737897 7921897 847|897902|897957|898012/898067|898122] 55 
791} 8176} 8231) 8286) 8341] 8396] 8451} 8506) 8561] 8615] 8670} 55 
1792) 8725) 8780) 8835} 8890) 8944) 8999) 9054} 9109) 9164) 9218] 55 
793) 9273) 9328) 9383) 9437) 9492) 9547) 9602) 9656] 9711] 9766] 55 
794) 9821} 9875) 9930} 9985}900039}900094/900149|900203}900258/9003121 55 
7951900367 |900422/900476|900531| 0586} 0640) 0695) 0749) 0804] 0859] 55 
796} 0913} 0968} 1022) 1077} 1131) 1186) 1240) 1295) 1349) 1404] 55 
797) 1458; 1513) 1567) 1622} 1676) 1731) 1785) 1840] 1894) 1948] 54 
798}. 2003) 2057) 2112) 2166) 2221) 2275) 2329) 2384] 2438) 2492] 54 
799) 2547) 2601] 2655) 2710) 2764] 2818) 2873) 2927} 2981) 3036] 54 
800}903090/903144|903199/903253)903307 |903361/903416/903470}903524/903578] 54 
801] 3633) 3687) 3741) 3795) 3849| 3904) 3958} 4012) 4066] 4120] 54 
1802} 4174) 4229) 4283) 4337] 4391} 4445] 4499) 4553] 4607) 4661] 54 
{803} 4716) 4770) 4824) 4878) 4932] 4986} 5040) 5094} 5148] 5202] 54 
804) 5256] 5310) 5364) 5418) 5472) 5526) 5580} 5634] 5688] 5742] 54 
1805] 5796) 5850) 5904) 5958] 6012] 6066} 6119} 6173} 6227] 62811 54 
B06] 6335] 6389) 6443] 6497] 6551] 6604} 6658} 6712] 6766] 6820] 54 
807} 6874} 6927} 6981} 7035] 7089] 7143) 7196) 7250) 7304] 7358] 54 
808} 7411) 7465) 7519! 7573) 7626) 7680) 7734) 7787) 7841| 7895] 54 
809] 7949| 8002) 805G}) 8109} 8163) 8217) 8270) 8324! 8378] 8431] 54 
810}908485/908539|908592|908646|908699 1908753 /908807|908860|9089 141908967] 54 
811] 9021) 9074) 9128) 9181} 9235] 9289} 9342) 9396] 94491 9503] 54 
812) 9556} 9609} 9663] 9716] 9770} 9823) 9877] 9930] 9984910037] 53 
8131910091/910144|910197|910251/910304/910358/910411|910464/910518] 0571} 53 
814} 0624) 0678) 0731) 0784] 0838] 0891) 0944} 0998] 1051] 1104] 53 
815} 1158) 1211) 1264) 1317) 1371} 1424) 1477] 15301 1584] 1637] 53 
816} 1690) 1743} 1797} 1850] 1903} 1956} 2009} 2063} 2116} 2169] 53 
817] 2222) 2275) 2328) 2381) 2435| 2488] 2541; 2594] 2647] 2700] 53 
818] 2753} 2806) 2859) 2913) 2966} 3019] 3072] 3125) 3178} 3231] 53 
819} 32841 33371 3390| 34431 3496! 3549! 36021 36551 3708] 37611 53 
N] 0 © Ue RE Raa ae Daa TE LE Ree A Ha a NCL a 
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Logarithms from | to 10,000. 


821 vere 4396| 
g22) 4872| 4925 
3231 5400] 5453 
g24] 5927] 5980 


833 0697 0853 
834 1218 1374 
835 6 1738 1894 
836 2258 2414 


837 Bl Ses 2933 
838} 3: 3296| 3: 3451 
839 3814 3969 


— | | | | I 


184] 4848 5003 
842 5364 5518 
843] & 5879 6034 
844 6394 6548 


853 
854 


~ 


TABLE V. 87 
Logarithms from 1 to 10,000 
Mietebeeete so | 6 | 4 T 5 foe Tf , Ph ect e TDT 


Seastener-pueeiepaear-Oreirerarintee<OrGriari=asirar year er wrwreerevermrcriserenrrerannomemmesaraasaeeuetararesaeseteresenene 
880]944483)/944532)944581/94463 11944680) 9447291944779 |944828]944877 1944927 


881} 4976) 5025) 5074) 5124) 5173) 5222) 5272; 5321) 5370] 5419 
882] 5469) 5518) 5567} 5616) 5665) 5715] 5764} 5813} 5862} 5912 
883} 5961] 6010) 6059) 6108] 6157) 6207] 6256] 6305) 6354] 6403 
|884] 6452) 6501) 6551) 6600] 6649} 6698] 6747] 6796] 6845] 6894 
885] 6943) 6992) 7041} 7090) 7139] 7189} 7238] 7287) 7336] 7385 


$< | ee ff 


890}949390/949439/949488|949536|949585|949634]949683|949731 |949780|949829 
891} 9878) 9926) 9975)950024/950073/950121)950170/950219/950267/950316 
8921950365 /950414/950462) 0511); 0560] 0608] 0657] 0706} 0754) 0803 
893] 0851); 0900; 0949) 0997] 1046] 1095) 1143} 1192] 1240} 1289 
894} 1338] 1386; 1435} 1483) 1532] 1580} 1629] 1677| 1726} 1775 
895} 1823} 1872; 1920; 1969} 2017| 2066} 2114} 2163} 2211] 2259 
896] 2308) 2356; 2405) 2453) 2502) 2550] 2599) 2647| 2696) 2744 
897] 2792; 2841] 2889) 2938] 2986] 3034; 3083] 3131} 3180] 3228 
898] 3276) 3325) 3373] 3421) 3470] 3518! 3566} 3615) 3663} 3711 
899] 3760) 3808) 3856) 3905] 3953]. 4001] 4049} 4098) 4146) 4194 


—_} — <q | —_———<$<$< | | EFS 


9001954243) 954291 |954339/954387|954435|954484/954532|954580|954628|954677] 48 


901] 4725) 4773) 4821} 4869] 4918] 4966] 5014] 5062] 5110) 5158 
902) 5207} 5255) 5303) 5352) 5399) 5447] 5495} 5543) 5592) 5640 
903] 5688} 5736) 5784) 5832/ 5880] 5928) 5976] 6024] 6072) 6120 
904] 6168} 6216; 6265) 6313} 6361] 6409; 6457} 6505) 6553) 6601 
905} 6649] 6697] 6745) 6793] 6840} 6888] 6936] 6984] 7032] 7Z08d 


t 906] 7128) 7176) 7224) 7272) 7320) 7368) 7416) 7464) 7512) 7559 


907] 7607} 7655) 7703} 7751) 7799) 7847} 7894) 7942} 7990} 8038 
908] 8086] 8134) 8181} 8229) 8277) 8325} 8373) 8421] 8468) 8516 
909] 8564) 8612) 8659} 8707) 8755) 8803] 8850] 8898} 8946] 8994 


———~_—-——“§—|——_qe | ———o-@ — | mm | | | | | J J 


910}959041|959089)/959137)|959185|959232/959280)959328|959375 |959423|959471 
911} 9518; 9566; 9614} 9661} 9709) 9757] 9804) 9852) 9900) 9947 
912} 9995)|960042)960090/960138)960185|960233/96028 1 |960328|960376/960423 
9131960471} 0518) 0566); 0613) 0661) 0709] 0756} 06804] 0851) 0899 
914] 0946; 0994; 1041; 1089) - 1136} 1184) 1231; 1279] 1326) 1374 
915} 1421) 1469) 1516] 1563) 1611] 1658} 1706} 1753) 1801) 1848 
916) 1895; 1943) 1990} 2038} 2085) 2132) 2180; 2227) 2275] 2322 
917) 2369) 2417; 2464) 2511) 2559) 2606) 2653) 2701) 2748) 2795 
918] 2843} 2890) 2937} 2985) 3032} 3079) 3126} 3174] 3221} 3268 
919} 3316} 3363) 3410) 3457) 3504) 3552] 3599] 3646] 3693] 3741 


920)963788)/963835|963882|963929|963977|964024|964071|964118/964165 |964212] 


921} 4260} 4307| 4354| 4401] 4448) 4495} 4542) 4590) 4637| 4684 
929} 4731] 4778) 4825] 4872} 4919] 4966] 5013] 5060] 5108] 5155 


923] 5202) 5249} 5296) 5343) 5390} 5437] 5484} 5531] 5578] 5625] 
924) 5672} 5719} 5766) 5813) 5860} 5907) 5954} 6001} 6048] 6095}. 


925} 6142) 6189) 6236) 6283) 6329] 6376] 6423) 6470) 6517) 6564 
926] 6611) 6658) 6705) 6752) 6799| 6845) 6892) 6939] 6986} 7033 
9271 7080] 7127) 7173)- 7220) 7267) 7314] 7361] 7408] 7454) 7501 
928] 7548] 7595) 7642) 7688) 7735) 7782) 7829) 7875| 7922) 7969 
929} 8016 8062) 8109 H}A6 8203 eens 8296 B43 a ma 


931] 8950 8996) 9043 sg "9136 9183 9229 9276 0393 0369 
932) 9416) 9463) 9509) 9556) 9602) 9649) 9695} 9742) 9789] 9835 
933} 9882} 9928) 9975|9700211970068|970114/970161|970207 1970254 1970300 
9341970347|970393|970440| 0486] 0533] 0579] 0626] 0672] 0719] 0765 
935} 0812) 0858} 0904} 0951) 0997] 1044} 1090} 1137] 1183} 1229 
936] 1276) 1322) 1369) 1415) 1461) 1508] 1554] 1601] 1647} 1693 
937) 1740) 1786} 1832) 1879} 1925) 1971] 2018} 2064) 2110) 2157 
938} 2203] 2249) 2295) 2342] 2388) 2434] 2481) 2527) 2573) 2619 

26661 27121 2758] 2804| 2851 ‘ 2943| 2989] 3035} 3082 


88 | TABLE V. 
Logarithms from 1 to 10,000. 


a 


3590] 3636} 3682) 3728! 3774 
A051} 4097} 4143) 4189]. 4235]: 
4512} 4558) 4604} 4650] 4696 
4972} 5018) 5064; 5110) 5156 
5432) 5478) 5524) 5570] 5616 
5891} 5937] 5933] 6029} 6075 
6350} 6396} 6442} 6488) 6533 
6808] 6854} 6900} 6946) 6992 
7266) 7312) 7358} 7403} 7449 


951} 8181] 8226} 8272} 8317} 8363 
952} 8637] 8683] 8728) 8774} 8819 
953} 9093] 9138} 9184} 9230] 9275 
954] 9548} 9594) 9639) 9685] 9730 


956} 0458] 0503} 0549) 0594] 0640 
957] 0912} 0957} 1003} 1048} 1093 
958; 1366{ 1411} 1456} 1501} 1547 
959} 1819] 1864} 1909) 1954) 2000 


961] 2723) 2769} 2814; 2859} 2904 
962} 3175} 3220) 3265) 3310} 3356 
963} 3626] 3671} 3716} 3762} 3807 
9641 4077} 4122) 4167) 4212] 4257 
965} 4527) 4572} 4617} 4662} 4707 
966] 4977} 5022} 5067) 5112) 5157 
967} 5426) 5471) 5516] 5561] 5606 
968] 5875} 5920] 5965; 6010) 6055 
969] 6324) 6369} 6413] 6458] 6503 


970}986772|986817 

971} 7219) 7264] 7209} 7353} 7398 
972] 7666) 7711) 7756} 7800} 7845 
973} 8113] 8157} 8202) 8247] 8291 
974] 8559] 8604| 8648) 8693] 8737 
975} 9005} 9049} 9094} 9138} 9183 
976] 9450] 9494} 9539] 9583) 9628 
977} 9895] 9939 ‘ 
978}9903391990383|990428; 0472) 0516 
979 Pe 0827| 0871 fla 0960 


981 1669} 1713} 1758 ipa 1846 
982) 2111] 2156) 2200} 2244) 2288 
983] 2554] 2598) 2642} 2686] 2730 
984} 2995} 3039} 3083) 3127} 3172 
985} 3436] 3480] 3524) 3568) 3613 
3877| 3921} 3965)} 4009] 4053 
4317| 4361} 4405} 4449] 4493 
4757) 4801) 4845) 4889] 4933 
5196] 5240 slabs 5328] 5372 


6074 6117 6161 6205] 6249 
6512) 6555] 6599) 6643) 6687 
6949| 6993} 7037) 7080) 7124 
7386} 7430} 7474) 7517| 7561 
7823| 7867) 7910} 7954) 7998 
8259) 8303} 8347} 8390) 8434 
8695) 8739) 8782} 8826) 8869 
9130} 9174] 9218) 9261) 9305 
9565! 9609! 9652! 96961 9739 
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ST eee atil437). eos) 17463 10938 978684) 1933 3097] 55. 
, 183756 4 5348 708342 )° 55 | 
4 | °853798)) 1349 F418) 414147 Obra OLS 3083 
. '188207|- 0-0) °4 5322 4 710192 04 
5 | -860602|) 15451 °) 7373] 417340 583513| 20. 3070 
2631) 7055] °417340| oo, 39971 a 10034 53 
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10 |8893785)) 9799/9 7156 ed 9°719322 Ag 
; 595398 sd 51 
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tT a OP11 0536). 2 7032) 449395 602403) 3954 2966 
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re 3722) 64. “4 4993 ‘733522 
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19 | -950251|, 0932) -247821 6792l9. 464433 (49G- G1eras 31g 9735262 5,50] 40 
& 1005 9°251897 sp 9-460 4945 379 : | 
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a2 | -025284 ait aoone 6317 rape 16721 .644666\y04-] -7572 leze7| 3 
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; 306615 | 22°" 4628 ; 76049 
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TABLE VI. 
(0° ). Logarithmic Sines. 
‘| Sine | D. | Cosec. | Tang. | D. | Cotang. | Secant |D.| Cosine | 
OL EI TE TEI COO LE EN TOTTI SE EE EE EEE TE SET NBME ET, OS IE AEE IT CE ITE OT . 
0 Infinite. | 0.000000] — Infinite. | 10.000000 10.000000] 60) 


1] 6.463726]5 9) 447] 13.536274) 6.463726], 177] 13.536274] —000000|9} 000000) 59) 
2) 764756\oga4g5| 235244) 764756\59349.| 235244} 000000]),) 000000} 58] 

3] 940847) >) 393]| 059153] 940847|592531| 059153) —000000),, 
4] 7.065786|7 1-75] 12.9342141 7.065786|) «1 5) >| 12-934214| 000000), 
5| 162696} 2; 9¢9| 837304 162696], 3,969} 837304] 000000), 
6] 241877|)7 50] 758123) 2418781; )57,} 758122) 000001), 
i] 308824) oper) 691176} 308825) geno} 691175] 000001), 
366816) o25-4| 6331841 366817] 255-4] 633183} 000001), 

9) 417968} 77575] 5820321 417970) ve5¢3| 582030] 000001), 
sitar ene a eoaaeety operon on rosanal RNa 
HW, Saar ‘ | 7.505 120immoncn| 12. 4 F ~ 
12| 542906] $2081) “457094| 542909] Prozg] 457091 000003) 
13] 577668 etait 422332] 577672| ragyo| 422328] 000003)); 
14} 309853) oogg| 390147) 609857] 4oq39| 390143} 000004) 
15] G9816) e234] 360184] 639820] 4e7)-| 360180] 000004), 
16} 657845} 7355 )| 332155) 667849] 4aag0| 332151] 900005); 
18] 78997 39135| 281003} 719003) 39) 36) 280997} 000006); 
19} 7477) 3oy57| 257523) 742484) 27158] 257516) 000007), 
20) 76:754| 3.555) 235246] 764761] 35476 235239} 000007|)) 
21 7.785)43)— 7 | 12.2140571 7.785951) 33 ¢73| 12.214049} 10.000008/57 
22| 80646 Bae 193854] 806155] 35)7¢| 193845] 000009), 
23) 825-51 30805 174549} 825460] 309897 174540] 000010 01 
24) 84384) 59-47] 156066] 843944] 59549] 156056) 0000111), 
25} 86162 99393] 138338] 861674] 59399} 138326] 000011), 
26] 87865) 573)-| 121305] 878708) 9731,] 121292) 000012/)5 
271 89505 eas 104915} 895099] Se35-| 104901} 000013})5 
28} 91087) 52355} 0891211 910894) 5-49)| 089106] 000014), 
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TABLE VI. 


Tangents and Secants. (1°.) 


/ | Sine. p. Cosec. | Tang. 7] Sine | D. | Cosec. | Tang. | D. | Cotang. | Secant |D.| Cosine || D. | Cotang. | Secant |D.| Cosine | 


1 24003 shinee 

256094 
11580 

263042 
11398 

269881 
11221 

276614 
11050 

283243 
10883 

289773 
10723 

296207 
309546| 10259 
10413 


ee 
391097 10122 
327016 
332924 
338753 
344504 
350181 
355783 
361315 
366777 


Soreleil soon 
377499 
382762 
387962 
393101 
398179 
403199 
408161 
413068 
417919 

8.422717|=3— 
Tee 7303 

32156 - 

740 
436800 7659 
441394 
44594] 
450440 
454893 
459301] 
463665 

8.467985 
472263 7060 527737| 472454 7066 527546 000191 999809 
476498 6991 523502] 476693 6998 523307 000195 06 999805 
480693 6924 5193074 480892 6931 519108 000199\9¢ 999801 

515152] 485050 
[Cosine | | Secant | Cotang.| | Tang 


750967 _ 249102 11772 750898 999932 
743906} 256165 11584 743835 0 999929 
736958; 263115 11402 736885 999927 
730119 209998 11225 730044 4 999925 
723386 723309 04 999922 
716757 3326 716677 999920 
710227 ) 710144 999918 
703793 703708 999915 
697454 34 697366 999913 
691206 691116 000090 04 999910 


11.685046: 8.315046| 75196 11.684954 10.000093|57 9.999907) 49 
678973) 321122 9934 678878 999905 
672984) 327114 9851 672886 999902 
667076) 333025 9719 666975 999899 
661247} 338856 
655496; 344610 


649819} 350289 


ED" OO-NF ONO Cork 


9982 
9847 
9714 
9586 
9460 
9338 
9219 
9103 
8990 


8880 
8772 
8667 
8564 
8464 
8366 
8271 
8177 
8086 
7996 


7909 


661144 999897 
pee 655390 >! 999894 
| Jaq, 649711 999891 
644217) 355895] 955%] 644105 999888 
638685] 361430] 3754] 638576 2} 999885 
633223] 366895] ove] 633105 oo] 999882 


11.627829] 8.372292)— 8885 11.627708 an} 9-999879 
622501} 377622 9777 622378 999876 
617238} 382889 8672 617111 999873 
612038) 388092 8570 611908 999870 
606899) 393234 8470 606766 5 999867 

601821} 398315 837] 601685 999864 

596801} 403338 8976 596662 D}qs} 999861 

591839} 408304 8189 591696 ‘ 999858 

586932] 413213 

582081! 418068 


11.577283| 8.422869! 
572538) 427618 
567844} 432315 
563200} 436962 
558606) 441560 
554059} 446110 
549560} 450613 
545107] 455070 


Oo 
21 586787 999854 
8091) 5819321 000149 a 999851 


11.577131 10.00015219¢ 9.999848 
572382 000156 999844 
567685 000159 0 999841 
563038 000162 999838 
558440 000166 06 999834 
553890 000169 999831 
549387 000173 999827 
544930 000177 06 999823 

540699; 459481 7970 540519 000180 0 999820 

536335) 463849 7906 536151 000184 06 999816 


11.532015} 8.468172}—_.- 7135 11.531828] 10. 000188196 9.999812 


8002 


7914 
7828 
7745 
7663 
7583 
7505 
7428 
7352 


7577 
7499 
7422 
7346 
7273 
7200 


7129 


ne 8.241921), 9¢7| 1.758079) 10.000066] [9.999934 


484848 6859 6865 514950 000203 0s 94 
488963 6794 6801 510830 000207 07} 999793 
493040 6731 6738 506750 000210 07} 999790 
497078 6669 502922) 497293 6676 502707 000214}, 999786 
501080 498920) 501298 6615 498702 000218) 9, 999782 
905045 494955} 505267 6555 494733 000222) 4- 999778 


BI] 8.508974|—-7gq| 11491026] 8.509200] -- 7a! 1.490800} 10.000226|p7| 9.999774) 9 
512867 487133} 513098 486902} 000231|y-| 999769 


516726] & 483274) 516961 te 483039]  000235|,-| 999765 
520551| 037° ! 


632 
524343) 0319 326 

6264 6272 
528102 

6211 6218 
531828 é 

6158 6165 
535523 

6106 6113 
939186) 6055 6062 
542819 


zl | Cosine | 


511037; 489170 
506960} 493250 


6608 
6548: 


6489 
6432 


479449} 520790 
4756571) 524586 
471898) 528349 
468172} 532080 


4792101 000239|97| 999761 
475414] 000243|g-| 999757 
471651] 9002479] 999753 

467920|  000252|)-| 999748 
464477| 535779 464221] 000256|,,| 999744 
460814) 539447 460553} 000260|,,| 999740 
4571811 543084 4569161 0002651 ‘| 999735 


Secant | Cotang. | | Tang. | Cosec. | | Sine Fy bese 


SeEeNWSRUOAN OM 


88°. 


TABLE VI. 


(2°) Logarithmic Sines. Ss 
| Sine. | D. | Cosec. | Tang. | D. | Cotang. | Secant. |D-.| Cosine: |) 
8.542819 6004 11.457181] 8.543084 6012] 11-456916) 10.000265 07 9.999735) 60} 
546422 5955 453578} 546691 5962 453309 000269 07 999731} 59) 
549995 5906 450005} 550268 5914 449732] 000274 07 999726} 58] 
553539 5959, 446461 553817 5866 446183] 000278 asl 999722] 57 
557054 5811 442946] 557336 5819 442664 000283 08 999717] 56 
560540 5765 439460} 560828 5773 439172) 000287 08 999713 55 
563999 5719 436001] 564291 5729 435709 000292 08 999708} 54 
567431 5674 432569] 567727 5682 432273 000296 08 999704153 
570836 5630 429164} 571137 5638 428863} 000301 08 999699} 52 
574214 5587 425786] 574520 5595 425480} 000306 08 999694} 51 
577566 55AA 422434) 577877 5552 422123; 000311 08 999689] 50 
8.580892) 5 11.419108 8.581208) 575 11.418792 10.000315) 55 9.999685] 49 
584193 5460 415807} 584514 5468 415486} 000320 08 999680 48 
587469 5419 412531} 587795 5427 412205 000325 08 999675] 47 
590721 5379 409279} 591051 5387 408949; 000330 08 999670} 46 
593948 5339 406052} 594283 5347 405717) 000335 08 999665] 45 
597152 5300 402848] 597492 5308 402508 000340 08 999660} 44 
600332 526] 399668] 600677 5270 399323} 000345 08 999655 43 
603489 5293 396511} 603839 5232 396161 000350 08 999650) 42 
606623 5186 393377] 606978 5194 393022] 000355 09 999645} 41 
609734 5149 390266] 610094) ~).0) 389906} — 000360 0 999640 40 
8.612823) 75 11.387177 8.613189) 757 11.386811 10.000365)55 9.999635] 39 
615691 5076 384109} 616262 5085 383738 000371 999629] 38 
618937 504] 381063} 619313 5050 380687] 000376 09 999624 37 
621962 5006 378038] 622343 5015 377657 000381 09 999619) 36 
624965 4979 375035]. 625352 498] 374648 000386 999614] 35 
627948 4938| 272052] 628340 4947 371660} 000392 999608} 34 
630911 4904, 369089] 631308 4913 368692} 000397 09 999603 33 
633854 487] 366146} 634256 4880 365744 000403 09 999597} 32 
636776 4939| 363224 637184 4848 362816} 000408 09 999592) 31 
639680 4806 360320] 640093 4816 359907 000414 09 999586 30 
8.642563|—grzz| 11.357437| 8.642982|—77a7| 1.357018} 10.000419],4| 9.999581] 29 
645428) 4743) 354572] 645853] 4524/ 354147) 000425/09| 999573} 28 
648274 4719| 391726) 648704 4799, 391296) 000430 09 999570) 27 
651102 4682) 248898] 651537 4691 348463} 000436 09 999564] 26 
653911 4652| 246089) 654352 4661 345648] 000442 10 999558] 25 
656702 46292) 343298} 657149 4631 342851 000447 10 999553) 24 
659475 4592| 340525] 659928 4602 340072} 000453 10 999547] 23 
662230 4563| 294770) 662689 4573 337311 000459 10 999541] 22 
664968 4535) 339032) 665433 ASAA 334567} 000465 10 999535] 21 
667689 4506). 8382311} 668160 4517 331840 000471 10 999529] 20 
8.670393!" 7479 11.329607 8.670870! 7758 11.329130 10.000476)75 9.999524] 19 
673080 445] 326920] 673563 446] 326437) 000482 10 999518} 18 
67575) 4494| 324249) 676239 4434| 223761 000488 10 999512} 17 
678405 4397, 321595 678900 4407 321100 000494 10 999506} 16 
681043 4370| 318957) 681544 4380| 318496 000500 10 999500} 15 
683665 4344| 316335) 684172 4354 315828] 000507 10} 999493] 14 
686272 4318| 213728) 686784 4398| 313216 000513 10 999487} 13 
688863 4299| 311137) 689381 4303 310619 000519 10 999481} 12 
691438 4267| 308562) 691963 4277 308037 000525 10 9994757 11} - 
693998) 4o4o| 306002) 694529 4259} 309471 000531 10 999469] 10) — 
8.696543 “4217 11.303457] 8.697081 4298| 11.892919 10.000537 57 9.999463] 9 
699073 4192| 300927) 699617 4203 300383] 000544 ll 999456] 8] | 
701589 4168 298411} 702139 4179 297861 090550 1] 999450] 7| © 
704090) 444| 295910) 704646] 4155] 295354} 000557), ;| 999443] 6 
706577) 4104) 293423 707140] 4335] 292860] 000563), ,| 999437) 5] 
709049 4097, 220951 709618 4108 290382} 000569 1] 999431} 4} - 
711507 4074) 288493 712083 4085 287917} 000576 il 999424) 3) 
713952 4051] 286048] 714534 pees 285466} 000582 1] 999418} 2) 
716383 4029 283617} 716972 4040 283028] 000589 11 999411} 1}. 
718800 281200) 719396 280604 000596 999404}. 0} 
| Cosine. | |. Secant.. | Cotang. | | Tang. | Cosec. | | Sine. $7 |) 


87° 


‘TABLE VI. 
Tangents and Secants. (3°) 


/ | Sine..|. D. | Cosec. | Tang. {| D. | Cotang. | Secant. |D.| Cosine. | 
8.718800 4006 11.281200] 8.719396 4017 11.280604} 10.000596 
721204 3984 278796} 721806 3995 278194 
723595) g9g9| 276405) 724204) 30,7) = 275796 
725972 3941 274028] 726588 3959 273412 
728337 3919 271663} 728959 3930 271041 
730688 3898 269312) 731317 3909 268683 
733027 3877 266973] 733663 3889 266337 
735354 3957 264646] 735996 3868 264004 
737667 3836 262333] 738317 3848 261683 
739969 3816 260031} 740626 3397 259374 
742259 3796 257741} 742922 3807 257078 


8.744536|-gr7¢] 1.255464) 8.745207 |—g7gr|.11.254793] 10.00067 1175 
746802| 37541 253198] 747479] 3-46] 252521) 000678115 
749055]. 5792] 250945] 749740] 3749 250260] 000685} 
751297) -)-| 248703] 751989] 555] 248011] 000692) 
753528] seoo| 246472) 754227] 5.75) 245773)  000699|15 
755747) a¢>e| 244253) 756453) Sego| 243547] 000706 

757955| 3¢6)| 242045) 758668] 37>4| 241332} 0007141)5 
760151] 3e49| 239849) 760872] 3p--| 239128) 000721 

762337| 3¢54| 237663) 763065| 3e3”| 236935] 000728 

764511) 3656| 235489] 765246) Soy9) 2347541 000735115 


8.766675) 3 ro8 11.233325| 8.767417 “3600 11.232583] 10.000743} 75 
768828 3570) 231172} 769578 3583 230422 000750) 13 
770970 3553 229030} 771727 3565 228273 000758 
773101 3535 226899; 773866 3548 226134 000765 13 
175223 3518 224777| 775995 353] 224005 000773 13 


777333 350] 222667| 778114 3514 221886 000780 1: 
779434 3484 220566; 780222 3497 219778 000788 13 
781524 3467 218476] 782320 3480 217680 000795 13 


783605 216395; 784408 215592 000803 
3451 3464 13 
785675 3434 214325} 786486 3447 213514 000811 13 


8.787736|-34,¢| 11-212264| 8.788554|-s74;| 11.211446| 10.000819] 75 
789787| 3495| 210213) 790613] 34)5| 209387 
791828] 554] 208172] 792662] 3355) 207338 
793859) 3579| 206141) 794701) 35951 205299 
795881| 354) 204119] 796731] 3345] 203269 
797894] 3554] 202106] 798752| 35.5| 201248 
799897| 5553] 200103] 800763] 3530] 199237 
801892} 3553| 198108} 802765] 3355] 197235 
803876] 3593| 196124] 804758] 3357] 195242 
805852| S579] 194148] 806742] 3555] 193258 


8.807819|-3563 11.192181] 8.808717 "3277 11.191283 10.000898|75 
809777 3949 190223; 810683 3269 189317 000906) ) 4 
811726 3934 188274| 812641 3948 187359 000914), 
813667 3219 186333} 814589 3933 185411 000923 14 
815599 3205 184401} 816529 3219 183471 000931 14 
817522 319] 182478} 818461 3905 181539 000939 1 
819436 3177 180564; 820384 3191 179616 000947 14 
821343 3163 178657} 822298 3177 177702 000956 14 
823240 3149 176760] 824205 3163 175795 000964 1 
825130 3135 174870} 826103 3150 173897 000973 14 


8.827011|—3y59| 1.172989] 8.827992|-a 734] 1.172008] 10.000981|7;] 9.999019 
828884| 3154] 171116] 829874) 3154] 170126] 000990 
830749] 3595| 169251] 831748] 315,| 168252 000998 
832607) 3o99| 167393) 833613] Soqg| 166387 
834456] 3 ygo| 165544] 835471] 3503} 164529 
836297] S2¢| 163703) 837321] 329) 162679 
838130] 3943) 161870) 839163] 35.5] 160837 
839956] 3525} 160044) 840998] 351-] 159002 
841774] 35)7| 158226] 842825] 39251 157175 
843585 ‘1 156415] 844644 155356 


LR ke a Soa 
| Cosine. | | Secant. | Cotang. | 
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TABLE VI. 


(4°) Logarithmic Sines. 


| 7] Sine. | D. | Cosec. | Tang. 


8.843585 
845387 
847183 
84897 1| 
850751 
852525 
854291 
856049 
857801 
859546 


wonqw»rkwweHo 


30 
2992 
2980 
2967 
2955 
2943 
2931 
2919 
2908 
2896 


861283 9884 


8.863014 
864738 
866455 
868165 
869868 
871565 
873255 
874938 
876615 


878285 9 


2873 
2861 
2850 
2839 
2828 
2817 
2806 
2795 
2783 


154613 
152817 
151029 
149249 
147475 
145709 
143951 
142199 
140454 
138717 


11.136986 


135262 
133545 
131835 
130132 
128435 
126745 
125062 
123385 
121715 


eee eae UV ft | eaten 
8:879949|— | 11:120051 


881607 
883258 
884903 
886542 
888174 
889801 
891421 
893035 


894643 9 


8.896246 
897842 
899432 
901017 
902596 
904169 
905736 
907297 
908853 


2763 
Q752 
2742 
2731 
2721 
2744 
2700 
2690 
2680 
67 

2660 
2651 
2641 
2631 
2622 
2612 
2603 
2593 
2584 


910404 9575 


8.911949 
913488 
915022 
916550 
918073 
919591 
921103 
922610 
924112 
925609 


8.927100 
928587 
930068 
931544 
933015 
934481 
935942 
937398 
938850 
940296 


{ Cosine. | 
oa aes 


2566 
2556 
2547 
2538 


118393 
116742 
115097 
113458 
111826 
110199 
108579 
106965 
105357 


ovens 10 it 
11.103754 


102158 
100568 
098983 
097404 
095831 
094264 
092703 
091147 
089596 


11.088051 


086512 
084978 
083450 
081927 
080409 
078897 
077390 
075888 
074391 


Sp eaters 
F977} 11.072900 


071413 
069932 
068456 
066985 
065519 
064058 
062602 
061150 
059704 


05 11.156415) 8.844644 


846455 
848260 
850057 
851846 
853628 
855403 
857171 
858932 
860686 
862433 
8.864173 
865906 
867632 
$69351 
871064 
872770 
874469 
876162 
877849 
879529 


8.881202 
882869 
884530 
886185 
887833 
889476 
891112 
892742 
894366 

-895984 


8.897596 
899203 
900803 
902398 
903987 
905570 
907147 
908719 
910285 
911846 


8.913401 
914951 
916495 
918034 
919568 
921096 
922619 
924136 
925649 
927156 


8.928658 
930155 
931647 
933134 
934616 
936093 
937565 
939032 
940494 
941952 


[ D.. | Cotang. | Secant. |D.| Cosine. |___ 


3007 
2995 
2982 
9970 
2958 
2946 
2935 
2923 
9911 
2900 
2888 
2877 
2866 
2854 
2843 
2832 
2821 
2811 
2800 
2789 


2779 
2768 
2758 
2747 
2737 
2727 
2717 
2707 
2697 
2687 
2677 
2667 
2658 
2648 
2638 
2629 
2620 
2610 
2601 
2592 
2583 
2574 
2565 
2556 
2547 
2538 
2530 
2521 
2512 
2503 


2495 
2486 
2478 
2470 
2461 


151740 
149943 
148154 
146372 
144597 
142829 
141068 
139314 
137567 

1.135827 
134094 
132368 
130649 
128936 
127230 
125531 
123838 
122151 
120471 


11.118798 
11713) 
115470 
113815 
112167 
110524 
108888 
107258 
105634 
104016 


11.102404 
100797 
099197 
097602 
096013 
094430 
692853 
09128] 
089715 
088154 


11.086599 
085049 
083505 
081966 
080432 
078904 
077381 
075864 
074351 
072844 


11.071342 
069845 
068353 
066866 
065384 
063907 
062435 
060968 
059506 
058048 


001168|!° 


16 


001331 , 
001341] 


10.001351|-— 


17 


ra { L7 


9.998941 
998932 
998923 
998914 
998905 
998896 
998887 
998878 
998869 
998860 
998851 


998832 
998823 
998813 
998804 
998795 
998785 
998776 
998766 
998757 


998738 
998728 
998718 
998708 
998699 
998689 
998679 
998669 
998659 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 


a TD | a ee 
10.001159|;>) 9.998841} 49 


48 
47 
46 
45 
44 
43 
42 
41 
40 


10.001253/—| 9.998747) 39 


38 
37 
36 
35 
34 
33 


9.998649| 29 
998639] : 


998629 
998619 


998609] : 


998599 
998589 
998578 
998568 
998558 


9.998548] 19 


998537 
998527 
Y98516 
998506 
998495 
998485 
998474 
998464 
98453 


—| 9.998442] 9 


Sine. | / 


998431 
998421 
998410 
998399 
998388 
998377 
998366 


998355} | 


998344 


Sim bh OR OT ON OO! 


ead 


TABLE VI. 95 
Tangents and Secants. (5°) 


/ | Sine. | D. | Cosec. | Tang. | D. | Cotang. | Secant. |D.| Cpsine. a 
|" 0f 8.940296) 5,93) 11.059704] 8.941953) , >.) 11056048) 10.001656), .| 9.998344 
941738| S304 943404) 5174} 0565961 001667|19| 988333 
943174 944852] 2413| 9551481 001678 
944606} 22°94! 0: 295| 2405) 953705 19 
946034) 2229 2397) 952966 
947456| 2221 2390) 950832 
949874) 2263 2382) 949403 
-950287| 5543 3] 952021] 337%| 047979 
951696] 5345 953441] Seco] 046559 
953100| 3535 954856] ooe4| 045144 
954499] 535° | 956267] 53 )4| 0437331 


8.955894|s5,> | 8.957674|saxz| 1.042326) 10.001780|-— 
957284| 5314 | 959075] Seno] 040925| 00179117? 
958670| 5305 330] 960473] 5s51| 039527] 001803), 
960052| Sog| 0: 961866] 5314; 038134) 001814/,7 
961429] dogs 963255| 5347| 036745] 001826 
962801] Soa5/ 037199] 964639] 53541 035361] 001837]; 9 
964170| 5954 30] 966019] 5o93| 033981 00184955 
965534) So4,| 034466] 967394] Sone| 032606} 001861, 
966893) dox0 | 968766] 5559| 031234) 001872)5 
968249] 552 | 970133] 5547] 029867} _001884)50 


8.969600|5545 | 8.971496|—So¢5| 1.028504) 10.001896)55 
970947 027145 
2238 2257 ele 
972289] - " 025791) 
2231 oe } ie ee 2251 j 
973628 024440; 
2°! 9994 2244 
. 974962) 5 023094 
2217 | 2237 
976293 | 021752 
2210 ; 2230 
977619 020414 
2203 2223 
978941 019079 
2197 2217 
980259 ; 017749 
981573| 2190 ; B10) ah cand 
9/9! 9183 : 2204 


8.982883|5) 57 8. 11.015101 
985491) o163 012468 
986789) oi57 | 011158 
988083) Sino | 99 009851 
989374) o144 26) 96 008549 
990660] 5133 93401 992: 007250 
991943) 9131 005955 
993222) oon | : 004663 


8.995768|—5j 7 9| 11.004232 T7157 | 11.002092! ' 
997036 2106 002964) 999188] <7* 000812 
998299] 5;99| 001701) 9.000465 10.999535 
999560} 594| 900440} 001738 998262 

9.000816} 59a] 10.999184| 003007 996993 
002069] Sogo] 997931} 004272 995728 
003318) 5y7¢| 996682} 005534 994466 
004563) Sy79| 995437} 006792 993208 
005805) oo¢4| 994195, 008047 991953 
007044} 5o-0| 992956} 009298 990702 


9.008278 3052 10.991722} 9.010546 10.989454} 10.002268/57 
009510 2046 990490! 011790 988210 002281}; 
010737 2040 989263! 013031 986969 002294)5) 
011962 9034 988038} 014268 985732 002307 |o9 
013182 2029 986818; 015502 984498 002320)09 
014400 2023 9856001 016732 983268 
015613 2017 984387) 017959 982041 
016824 2012 983176) 019183 
018031 2006 981969} 020403 
019235 980765, 021620 


I I OI EE I cE TEE EE NORE EE 


| Cosine. | | Secant. | Cotang. | 


SUEONAMNKWNeE OS 
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/ | Sine. 


83° 


| D. 


Cosec. 


0 TATE a 10980765 
Bnei casl eae races 
31 022825| 1989} 977175 
41 024016| 1984] 975984 
51 025203) 1978) 974797 
6} 026386| 1973) = 973614 
vl 927567| 19871 979433 
gs] 028744 1 971256 
9} 029918 1954 970082 
o} 031089 968911 
9.038257|455 10.967743 
iets ts eat 
coral ha] ge 
038048 1929] 961952 
039197] 1215! — 960803 
040342 aye 959658 
st] eel 

5 1S 5 ’ 
Di] 9.043762\-ye0/ 10.956238 
044895 955105 
046026 1s 953974 
047154| 1827] 952846 
048279) i675] 951721 
049400 35091 950600 
050519] joe0} 949481 
051635] jece} 948365 
052749| j820| 947251 
053859] thye| 946141 
9.054966|— | 10.945034 
056071] te4| 943929 
057172] jac] 942828 
058271] tpo,| 941729 
059367| yao} 940633 
060460| jere| 939540 
061551] ipr4] 938449 
062639| jen} 937361 
063724] 1808 936276 
40] 064806] j>yq] 935194 
9.065885|4>5,| 10.934115 
066962] 3705] 933038 
068036] i755] 931964 
069107| ;Zey| 930893 
070176] 3781) 929824 
071249] 1777) 928758 
072306| 3772) 927694 
073366| }/Ps| 926634 
074424| 17631 925576 
075480| 5727] 924520 
9.076533|— 755| 10.923467 
077583| Zag] 922417 
078631] 1745] 921369 
079676| }7mo] 920324 
080719] j795| 919281 
081759] j/o0| 918241 
082797] 1752] 917203 
083832] 37271 916168 
os4g64] 3721) 915136 
085894 914106 


TABLE VI. 
(6°) ae Sines. 


[7 | Sine. | D. | Cosec. | Tang. | D. | Cotang. | Secant. [D.| Cosine. | | Tang. 


9.021620 
022834 
024044 
025251 
026455 
027655 
028852 
030046 
031237 
032425 

. 033609 


19.034791|—— 
035969 
037144 
038316 
039485 
040651 
041813 
042973 
044130 
045284 


9.046434|> O75 
047582 
048727 
049869 
051008 
052144 
053277 
054407 
055535 
056659 


9.057781 | > ore 


058900 
060016 
061130 
062240 
063348 
064453 
065556 
066655 
067752 


9.068846|7o79 


069938 
071027 
072113 
073197 
074278 
075356 
076432 
077505 
078576 


9,079644\- eee 


080710 
081773 
082833 
083891 
084947 
086000 
087050 
088098 
089144 


3023| 10-978380) 10.002386),,] 9.997614 
a017| 977166 002399155] 997601]. 
5011| 975956] 002412|55) 997588 
a00g| 974749] 002426)55] 997574 
2000, 973545] 00243955] 997561 
jo95| 972345] 002453]5-1 997547 
1999 971148] + 002466/521 997534 
j9g5| 969954] 002480/55) 997520 
1979| 968763] 002493/531 997507 
1974; 967575) 002507/55) 997493 
1069|__ 266391]  002520|531 997480 
1964| 10-965209] 10.002534)=,| 9.997466 
sore; 964031} 002548/53| 997452 
1953; 962856] 002561 997439 
iors 961684] 002575)55} 997425 
1943, 960515] 002589/53) ‘997411 
1933} 959349}  002603)5%] 997397 
1933| 958187] 002617/53| 997383 
Jona) 957027] 002631 997369 
1923| 955870] 002645)55| 997355 
191g| 954716] _ 002659|55) 997341 
T913| 10.953566 10.0267 34 9.997327 
nas sonnel 997299 
sbene 002715 997285 
te 002729/54| 997271 
1: 002743|54| 997257 
ei 002786 4| 997214 
ts 002801)5,| 997199 
TBGs| 10-942219] 10.002815|54| 9.997165) 
sae 002830|54| 997170 
tae 0028445] 997156 
ian 002859/5,| 997141 
ieee 002873 997127 
ae 002888 997112 
naa 002902|5,| 997098 
aoe 002932 2} 997068 
rea 002947|52| 997053 
va 10.002961|5=| 9.997039 
ae 002976 25 997024 
ik 002991 997009 
abies 003006 996994 
rae 003021|52] 996979 
pote 003036|52| 996964] 
ets 003051 996949 
tee 003066|52| 996934 
iaei 003081|52| 996919 
ee oon’ tyosaeeat 5 
mes 003126/5- 996874 
aa 003142|52| 996858 
Ek 003157|52| 996843 
EG 003172|5°| 996828 
pt 003188|5°| 996812 
ay 003203)52| 996797 
is 003218|5°| 996782 
tai! 003234|57| 996766 
003249|7°1 996751 


D. | Cotang. | Secant. 


|[D.| Cosine. | 


7 4 ECAC BUSA Yh BeBe SS pe Nae: AEN HATA Rete BSE Hr 2 
SSR EAs RAS SORTER Ra ATS SORT PRE ZB TE Tat SI Rares Finer rapa hen teat wei Te ORM ee TTT meted 


“TABLE VI. 


tee Aa eRe AA MER Ne AAAS WEEE EI BP ES 
4 


2 


Tangents and Secants. (7°) . . 
D. | Cosec. | ‘Tang. | D. | Cotang. | Secant....|D.|. Cosine... 
9.085894) | 7,3] 10.914106} 9.089144] | -...] 10.910856; 10.003249), -) 9.996751 
086922] j79| 913078} 090187) j75-] 909813] 003265155) 996735 
087947) j5o4| 912053] 091228) 1757) 908772) 003280/52) 996720 
088970) j755| 911030 1797] 907734] 003296)55) 996704 
089990] jeo¢} 910010 1709) 906698) 003312)5,] 996688 
091008] y¢55| 908992 1719| 905664] 003327)5¢] 996673 
092024] jpg5| 907976 1715| 904633)  003343)5°} 996657 
093037] ye4| 906963 171}| 903605] 003359|5,1 996641 
094047] j7o5| 905953 1797| 902578] 003375/5¢) 996625 
095056] j¢7¢| 904944 1703] 901554) 003390|5,.| 996610 
096062) j¢-4| 903938 1699. 900532) _003406)5,} 996594 
9.097065|-gaq| 10.902935 “Jggx| 10-899513) 10.003422)5-| 9.996578 
098066] jeex| 901934 1691 898496) 003438)5-| 996562 
099065} j2e;| 900935 1¢37| 8974811 003454)5-| 996546 
100062] j¢2,| 899938] 103532| j¢,4| 896468 003470)/5-| 996530 
101056] jr3| 898944] 104542/ j20,| 895458; —003486/5. 
102048] jg 49} 897952{ 105550| j 474) 894450] —003502/5, 
103037] j¢45| 596963] 106556] 3-5) 893444)  003518)5- 
104025] j¢45| 895975] 107559) jero| 892441] — 003535|4- 
105010] j¢59] 894990] 108560] jes} 891440} —003551/5- 
105992) 5 ¢34| 894008] 109559] jee)] 890441] _003567|5- 
9.106973| gap| 10.893027] 9.110556|— =| 10.889444| 10.003583|57) § 
107951) j¢57| 892049} 111551} ye. 4] 888449] 0036005, 
108927) j¢55| 891073) 112543| j¢24| 887457| 003616/5, 
109901} j¢;9} 890099; 113533] j¢4,| 886467} —003632|5- 
110873] y¢3¢| 889127] 114521) j¢45| 885479] —003649/5- 
111842} y¢)5| 888158] 115507] j¢35| 884493) — 003665/5, 
112809] jeg} 887191] 116491] j¢52| 883509} — 003682|5, 
113774] j¢95| 886226} 117472| j 435] 882528]  003698|>. 
114737] y¢o)| 885263) 118452) j 5g] 881548) 003715)58 
} 115698) 7297] 884302] 119429] j45-1 880571] 003731 |o8 
9.116656| 4254) 10.883344) 9.120404 55 10.879596] 10.003748)55 
117613] 3299] 882387] 121377] 167g] 878623} 003765)5¢ 
118567) 23,| 881433] 122348] }¢)-| 877652) 00378115, 
119519] j2o5} 880481] 123317) 3,3] 876683] 003798159 
120469} y205| 879531] 124284) | po) 875716) 003815)5. 
121417 1576 8785831 125249 1604 874751 003832]59 
122362| j253| 877638] 126211) j¢5;| 873789] 003849154 
123306] yreq| 876694] 127172) )29,| 872828) 003866]5¢ 
124248) yon) 875752) 128130) j254| 871870] —003883)5¢ 
125187] y5¢o| 874813] 129087] ,75)| 870913} 003900156 “20 
“Tp59| 10-873875] 9.130041! 57] 10.869959| 10.003917|59| 9. 
872940} 130994] 5204] 869006} — 003934)54 
872007 131944) 205] 868056) — 003951!59 
1549|  871075{ 132893] }274| 867107) — 003968)54 
129854] 15 45| 870146] 133839] j554| 866161]  003985|59 
130781} 3245) 869219} 134784) 52-3] 865216) — 004002!54 
131706] j239| 8682941 135726| ,2¢-| 8642741 004020154 
132630} j25-| 867370] 136667) 37 @4| 8633331 004037/55 
133551] j 255] 866449] 137605| y2¢)| 862395| 004054155 
134470) j259| 865530] 138542| 7224] 861458) 004072154 
9.135387| 555 10.864613] 9.139476] > =| 10.860524| 10.004089|55 
136303] 255|  863697{ 140409] y 227] 859591) 004106}99 
137216) j235| 862784] 141340] 3274] 858660) 004124154 
138128] 12) ,| 861872) 142269] 7215) 857731) 004141159 
139037) 5255] 860963, 143196] 7245] 856804] 004159159 
139944} 7759] 860056} 144121] 1239] 855879] —004177\o9 
140850) j 25, 859150] 145044} 5257) 8549561 004194154 
141754) 723) 858246] 145966] 7235| 854034) 004212|59 
142655) 729} 857345) 146885) 7259) 853115} _ 004229)54 
143555 856445} 147803 852197 004247 
Cosine. | | _ { Cosine. |__| Secant. | Cotang. |__| Tang... | Cosec. _| 


TABLE VI. 
(8°) Logarithmic Sines. 
aa [7 | Sine. | D. | Cosec. | Tang. | D | D. | Cotang. | Secant. |D.| Cosine. | 
oR 1496 10.856445] 9.147803 1526 10.852197] 10.004247 


144453 
1453549 
146243 
147136 
148026 
148915 
149802 
150686 
151569 
152451 


PAS oOUITE a8 
154208 
155083 
155957 
156830 
157700 
158569 
159435 
160301 
161164 


9.162025] 77730 
162885 
163743 
164600 
165454 
166307 
167159 
168008 
168856 
169702, 


GAT 004 teow ane 
171389 
172230 
173070 
173908 
174744 
175578 
176411 
177242 
178072 


9.178900| sss 
179726 
180551 
181374 
182196 
183016 
183834 
184651 
185466 
186280 


“9.187092|—>— 
187903 
188712 
189519 
190325 
191130 
191933 
192734 


855547} 148718 
854651} 149632 
853757) 150544 
852864} 151454 
851974 152363 
851085} 153269 
8501981 154174 
849314} 155077 
848431] 155978 
14661. 847549) 156877 


1463| 10.846670] 9.157751 793 
i460] 845792] 158671 
1457| 844917] 159565 
jas4| 844043] 160457 
jasi| 843170] 1613471.445, 004518} 1 
i449} 842300] 162236] 3479 004536]; | 
ja4c| 941431] 163123) 4 4b8 | 00455413) 
i440} 840565] 164008] j 473) 8 004573|5) 
1439} 839699] 164892) 1476 004591]5, 
1436| 838836] 165774] y 465 | 004610)3) 


1433 10.837975] 9.166654|4 77, 1464 10.833346] 10.004628) 37° 
837115} 167532 981 =: 004647 
1430 146] i Ol 
836257} 168409 
1427 1458 
835400 169284 
1424 1459 
833693 171029 
1419 1450 
832841] 171899 
1416 1447 
831992] 172767 
1413 1444 
831144] 173634 
aie 830298] 174499 ce 
1407] — 1439 


1405 10.829453] 9.175362| 475-4 1436 
828611] 176224) 

1402 1433 
827770) 177084 

1399 1431 
826930] 177942 

1396 1428 
826092] 178799 

1394 1425 
825256] 179655 

1391 1423 
8244221 180508 

1388 1420 
823589] 181360 

1386 sor t| 1417 

1383 822758 162 211 14} 


=| 10.821100} 9.183907|7 799 

ed 820274] 184752 09 

1374 1407 
819449} 185597 

1372 1404 
818626} 186439 

1369 1402 
817804} 187280 

1366 1399 
816984} 188120 

1364 1396 
816166} 188958 

1361 1393 

1359 815349} 189794 139] 

1356 814534) 190629) 299 

1353 813720] 191462 1386 


10.812908] 9.192294|3,7| 10.807706| 10.005202|33| 9. 

tore} 812097] 193124] 1384 005221\35 

811288] 193953] 1359 005241153 
8104811 194780] j 345 | 005261133 
809675] 195606] 1354 394] 005281); 
808870] 196430] 134,| 803570] 005300] 
808067] 197253] 1344 005320/35 
807266] 198074) j3e0 005340/35 
193534 806466] 198894] yey 005360)3;3 
194339 8056681 199713 005380 


eo aaa oan Cosine. | | Secant. { Cotang. | 


1493 
1490 
1487 
1484 
148] 
1478 
1475 
1472 
1469 


1523 
1520 
1517 
1514 
1511 
1508 
1505 
1502 
1499 
1496 


1493 
1490 
1487 
1484 


10. 004445|- 30 
004463 139 
004481 30 
004499 3] 


1346 
1343 
134] 
1338 
1336 
1333 
1330 


195129 
195925 
196719 
197511 
198302 
199091 
199879 
200666 
201451 
202234 


“V1} 9.203017|/—— 


203797 
204577 
205354 
206131 
206906 
207679 
208452 
209222 
209992 


21152 

212291 
213055 
213818 
214579 
215338 
216097 
216854 
217609 


219116 
219868 
220618 
221367 
222115 
222861 
223606 


225092 


9.225833 
226573 
227311 
228048 
228784 
229518 
230252 
230984 
231714 
232444 


233899 
234625 


236073 
236795 
237515 
238235 


9.194332) .5. 


9.210760|>355 


-9.218363|———> 


224349) ; 


TABLE VI. 


Tangents and Secants. (9°) 


Cosec. 


804871 
804075 
803281) 


200529 
201345 
202159 
202971 
203782 
204592 
205400 
206207 
207013 


798549} 


209420 
210220 
211018 
211815 
212611 
213405 
214198 
214989 
215780 


217356 
218142 
218926 
219710 
220492 
221272 
222052 
222830 
223606 


225156 
225929 
226700 
227471 
228239 
229007 
229773 
230539 


774908} =231302 


——| ]0.774167} 9.232065 


9.233172|4o15 


235349): 


773427 
772689 
771952 
771216 
770482 
769748 
769016 
768286 
767556 


232826 
233586 
234345 
235103 
235859 
236614 
237368 
238120 
238872 


766101) 240371) yogg 759629 006472), 
765375) 241118) yo44 758882 006494), 
764651} 241865 1242 758135 006516 37 
763927} 242610 1240 757390 006538 37 
763205] 243354 1238 756646 006560 3% 
762485} 244097 1236 755903 006582) 9, 
761765}; 244839 1234 755161 006604 37 
761047] 245579 1232 754421 006626), 
760330} 246319 { 753681 006649 

| Secant. | Cotang. | | «Pang. | Coseci +] | 

2H 2 


: | Tang. | D. 
10.8056681 9.199713) 


| 207817 


10.766828| 9.239622|a49 


1361 
1359 
1356 
1354 
1352 
1349 
1347 
1345 
1342 
1340 
1338 
1335 
1333 
1331 
1328 
1326 
1324 
132] 
1319 
1317 
1315 
1312 
1310 
1308 
1305 
1303 
1301 
1299 
1297 
1294 
1292 


1290 
1288 
1286 
1284 
1281 
1279 
1277 
1275 
1273 
1271 
1269 
1267 
1265 
1262 
1260 
1258 
1256 
1254 
1252 
1250 


| 0.760378} 10.006450 7] 


799471 
798655 
797841 
797029 
796218 
795408 
794600 
793793 
792987 
792183 


10.791381 


790580 
789780 
788982 
788185 
787389 
786595 
785802 
785011 
784220 


10.783432 


782644 
781858 
781074 
780290 
779508 
778728 
777948 
777170 
776394 


10.775618 


774844 
774071 
773300 
772529 
771761 
770993 
770227 
769461 
768698 


10.767935 


767174 
766414 
765655 
764897 
764141 
763386 
762632 
761880 
761128 


[| Cotang. | Secant. |D.| Cosine. | 
10.800287] 10.005380 


10.005603 34 
~ 005623 34 
005643 34 
005664 


elainbal 2 Ye 
10.005809|3= 
005829) 3° 
005850|3° 
005871|3° 
005892|5° 
005913|5. 
005934)5 
005955|3. 
00597613; 
005997] a5] 
10.006019}3= 
006040/3° 
006061)5° 
006082]5.- 
006104|5. 
006125] 5 
00614636 
006168}3, 
006189} 
006211] a6) 
10.006232|35} 9. 
0062545. 
006275|3¢ 
006297| 3. 
006319134 
006340|5. 
006362|3 
00638415. 
006406)3. 
006428]; 


TABLE VI. 
(10°) ‘Table of Logarithmic Sines. 


| D. | Cosec. Tang. | D. | Cotang. | Secant. |D.| Cosine. 


1193] 19-760330) 9.246319 9.993351 

240386) y19]| 759614) 247057) j9. 993329 

241101] yygq| 758899) 247794) jo. 006693};,| 993307 

241814] y}97| 758186) 248530 006715 993285 

242526) yyg5| 757474{ 249264) Joo. a7| 993262 

243237] j193| 756763) 249998 , 993240 

243947] J19)| 756053} 250730 993217 

244656] jj7q} 755344) 251461 | 39 993195 

245363] y]77| 754637) 252191 993172 

246069] yy75| 753931} 252920 : 993149 
| 246775] yy) 73| 7532254 253648) |. | _ 006873/33| 993127} 50 

W71| 10-752522) 9.254374) 7599 | 10.006896)55) 9.993104 

1169 | 255100 } 993081 

1167 255824 | 33| 993059 

1165 256547 3453] 964)50} 993036 

1163| 249718} 257269) 159; 2731) 993013 

1161| 249020} 257990 , 992990 

1159| 7248323] 258710 33 992967 

i153, 247627) 259429 571 992944 

1156, 746933) 260146 992921 

; 746239| 260863] 119. | _007102/,,| 992898 


Lat CO eee | 
F155] 10-745547] 9.261578! 5 59 3422] 10.007125|35) 9.992875 
ies 56] 262292 | 992852 
i1ig) 744166) 263005 5} 992829 
ae 3477| 263717 83] 992806 
1114 2789] 264428 2 992783 
ae 2 265138 | 992759 
ir i 265847 3| 992736 
Nias 2) 266555 33445] 992713 
9 9] 267261) 374, : 992690 


1137 3671 267967 3203: 39|_ 992666 


et 9.992643] 29 
tee | 269375 5| 992619 
or '327| 270077 3h 992596 
lip) 736649] 270779 yi 45] 729221] 992572 
Fidel 738973] © 2714791) 458 | 992549 
eh 97] 272178 278291 992525 
ine 23] 272876] yy¢| 7271244 992501 
Helin Verges 273573 26427) o| 992478 
Siig) 733277) 274269) 3); 31} 992454 
1117. 732605] 274964) 3); 25036) 992430] 20 
41| 9.268065|7;5| 10.731935| 9.275658| 4 y>= | 10.007594| | 9.992406 
268734] 1113 | 276351] )25| 723649 992382 
269402] 131}; 730598] 277043 22957| 992359 
270069] 1449 977734) 11% ! 992335 
270735) ji0e | 278424] | 1° 576) 992311 
271400| 3 156 | 279113 992287 
ate | 279801] 477! | 992263 
Ga | 980488] 774: | 992239 
abi 6612) 281174 : 992214 
poo los 20981): 281858) 1455 | 10} 992190] 10 
003! 10-725292| 9.282542| 735 110.007834|-—| 9.992166 
ine | 283225] 5): : 992142 
es 283907 992117 
‘He | 284588] 555: : 992093 
1091 pyeaoues : \ay| 992069 
1089 } 285947 , 992044 
ae 356) 286624) } 7° 3376 992020 
1ae8 17287301) 354 | 991996 
59 1084 287977 q 991971} Al 
60 | 288652 


| Cosine. | | Secant. | Cotang. | 


SRE SRE Er, 


TABLE VI. 
Tangents and Secants. (11°) 


/ | Sine. | D. | Cosec. | Tang. | D. | Cotang. | Secant. |D.| Cosine. | 


ee 


0) 9.280599] | ggo) 10.719401; 9.288652) 7) 52) 10.711348] 10.008053),] 9.991947] 60 
1} 281248) 543)| 718752, 289326] 5355] 710674] 008078),)| 991922) 59 
2} 281897) 5574) 718103) 284999 5555] 710001] —008103),,| 991897] 58 
3] 282544) 5575) 717456) 290671] J) 7g] 709329] 008127), 5] 991873] 57 
4) 283190] j 5-6] 716810, 291342) 1) -] 708658] 008152); ,] 991848) 56 
5] 283836] 5.4 716164' 292013 ais 707987} 008177),,} 991823) 55 
6) 284480} 50-0 715520, 292682 hee! 707318]  008201),,| 991799] 54 
7] 285124) 55-5] 714876, 293350] 11)5| 706650] + 008226),,| 991774] 53 
8] 285766] jogo) 714284. 294017) 1113] 705983) —008251)45| 991749] 52 
9} 286408 713592] 294684] y 199] 705316] 008276),5| 991724] 51 


10} 287048] 1967] 7129521 995349 Hior|704651} _008301/75| 991699] 50 


10] 287048) jog 6 295349 __ 704651] 008301) 45) _ 991699] 50 
11] 9.287687| 494; 3) 9.296013] 9¢| 10.703987| 10.008326) ,5| 9.991674) 49 
12} 288326] j0es| 711674, 296677| J 194 703323] 008351/45| 991649| 48 
13] 288964] jhe;| 711036) 297339] J194| 702661 + 008376/45| 991624] 47 
O6 G 

Rm SI Foorea?'cocgge| 11°2|  Soraseh ‘ponenclael oaeyerati ae 
161 290870) 1028 299322| 119°) = zoo678] 008451142] 991549] 44 

6 870| jose| - 7209130) 299322] 1598) 700678] 008451]45] 991549 

17] 291504] jp24| 708496) 299980] jogs] 700020 008476)45| 991524) 43 
18) 292137| i923 63] 300638] 195] 699362] 008502145] go1ags| 42 
19] 292768 707232] 301295] jogo] 698705] 008527|45| 991473} 41 
301951] jogo} 698049] 008552)55| 991448} 40 


201 293399 ene 706601} 40 
9.302607|~j59q| 10.697393| 10.008578|5| 9.991422) 39 


ee | 050 
21) 9.294029|— pgg| 10.705971) 


te) 


22} 294658 1046 7053421 303261 1089 696739 008603 991397) 38 
23) 295286 1045 704714) 303914 1087 696086 008628 43 991372) 37 
24) 295913 1043 7040874 304567 1086 695433 008654 991346} 36 
25| 296539 1042 703461} 305218 1084 694782 008679 43 991321] 35 


26] 297164 1040 702836) 305869 1083 69413] 008705 43 991295} 34 


27) 297788 1039 7022124 306519 1081 693481 0087390 43 991270) 33 
2 298412 1037 701588 307168 10380 692832 008756 43 991244} 32 
29| 299034 1036 700966] 307815! 1078 692185 008782|,5| 991218] 31 
30} 299655 1034 7003454 308463 1077 691537 008807 43 991193} 30 
31 9.300276) 935 10.699724} 9.309109} p7-| 10.690891 10.008833 43 9.991167} 29 
32] 300895 1031 699105} 309754 1074 690246) 008859 43 991141) 28 
33] 301514 1029 698486) 310398) j 978 689602 008885 43 991115} 27 
344 302132 1028 697868} 311042 1071 688958} 008910 43 991090} 26 
35] 302748 1026 697252) 311685 1070) 688315} 008936 43 991064) 25 
36] 303364 1025 696636} 312327 1068 687673} 008962 43 991038} 24 
37| 303979 1023 696021} 312967 1067 687033) 008988 43 991012} 23 
38} 304593 1022 695407} 313608 1065 686392} 009014 43 990926] 22 
39} 305207 1020 694793) 314247 1064 685753] 009040 43 990960; 21 
40) 305819 1019 694181} 314885 1062 685115 009066 4A 990934} 20 
41} 9.306430 017 10.693570} 9.315523 “T061 10.684477 10.009092\77 9.990908} 19 
42} 307041 1016 692959] 316159 1060 683841 009118 4A 990882! 18] & 
43} 307650 1014 692350} 316795 1058 683205 009145 44 990855; 17) & 
44} 308259 1013 691741} 317430 1057 682570 009171 4A 990829) 16; § 
45] 308867 101] 691133} 318064 1055 681936 009197 i 990803] 15} § 
46} 309474 1010 690526} 318697 1054 681303 009223 4 990777] 14) 
47} 310080 1008 689920} 319329 1053 680671] 009250 4A 990750; 13) § 
48} 310685 1007 689315} 319961 105] 680039] 009276 44 990724) 12) & 
49} 311289 1005 688711} 320592 1050 679408} 009303 4A 990697] 1l| J 
50} = 311893 1004 688107} 321222 1048 678778} 009329 44 990671} 10) 4g 
51) 9.312495 3003 10.687505f 9.321851 047 10.678149} 10.009356 dA 9.990644} 9) & 
52} 313097 1001 686903} 322479 1045 677521} 009382 44 990618} 8| f 
53] 313698 1000! 6863024 323106 1044 676894} 009409 4\- 990591] 7] ¥ 
54) 314297 998 685703) 323733 1043 676267 009435 44 990565{ 6) | 
55{ 314897 7 685103} 324358 104] 675642 009462 4A 990538} 9} 
56{ 315495 ous! 6845051 324983 1040 675017 009489 990511] 4] § 
97) 316092 994. 683908) 325607: 1039 674393 009515 990485} 3] 
58] 316689 G93 68335115 326231! 1037 §73769 009542 45 990458] 2! § 
59} 317284 = 682716} 326853 1036 673147 009569 990431} 1) § 
601 317879 6821211 327475 ; 672525, 009596 9904041 0] 4 


| Cosine. | “| Secant. | Cotang. | t''Tang. | Cosec. | | Sine: ee 
78° 


102 TABLE VI. 
(12°) Logarithmic Sines. 


‘| Sine, | D. | Cosec, | Tang. | D. | Cotang. | Secant, |D.} Cosine. | | 
9.317879 990 10,.682121] 9.327474 1035 10.672526 10.009596| ,. 9.990404] 6 

318473 988 681527] 328095 1033 009622|"?| 990378 

319066 987 680934] 328715 1032] 009649172} 990351 

319658 986 680344, 329334 1030 
320249 084 679751] 329953 1029 
320840 983 679160} 330570 1028 
321430 989 678570} 331187 1026 
322019 980 677981} 331803 1025 
322607 979 677393] 332418 1024 
323194 977 676806} 333033 1023 
323780] 676220] 333646 1021 


10] 823780) O76 
94324366} ore 
324950] 829) 675050 3348711 
325534| 273) 674466] 335482 
326117] $27 673883] 336093 
326700] $7o| 673300] 336702 
327281] $0) 672719) 337311 
327862) es] 672138] 337919 
328442| 20! 671558] 338527 
329021] 23] 670979] 339133] i510 
399599|  * 670401] 339739] joe 


Pc Redo tS Ie OY 52) a eee) Bel os Ses ete Ea eee 
9.330176) 97 10.669824] 9.340344 T007 10.659656} 10.010168|—. 

330753 960 669247} 340948) |) 659052 
331329 958 668671} 341552 

331903 957 668097] 342155 

332478 956 667522) 342757 

333051 054 666949] 343358 

333624 953 666376] 343958 

334195 952 665805 

334766 : 665234 


ato! 950 $4 
335337| o49| 664663 


9,335906|—,5| 10.664094| 9.346353 |—p9,| 10.053647 
336475| gael 663525] 346949] Oy] 653051] 010475/47 
337043) 4e| 662957] 347545) | 652455] 010503/47 
337610| $49| 662390] 348141] 99,| 651859] 010531)42 
338176] 944) 661824] 348735] gay 2 010559]47 
3387421 243) 661258] 349329 : 
339306 rit 660694] 349922 
339871) Qop| 660129] 350514 
340434] 239] 659566] 351106] ggel 648894 
340996] 3/1 659004] 351697] ¢os| 648303 


AO] 340996) 3g) 659008] pl Gg7 
9.341558|—ga-| 10.658442) 9.352267|—o 55 
342119] O3tl 65788) 352876 
342679| 9351 65732i| 353465 
343239] 9;} 656761} 354053 
343797] 6562031 354640 
344355 oC 655645) 355227 
344912) Goe| 655088] 355813 
345469} Gon) 654531] 356398 
346024] Qoe| 653976] 356982 
346579] gu] 653421] 357566 


TAO] | 846879 po OSB FRU me RE) ort rene 
9.347134|—-—-| 10.652866] 9.358149|—-—| 10.641851 
347687| ga| 652313) 358731] O20 
348240| 25)} 651760] 359313 
348792| 2701 651208] 359893 
349343] 912] 650657) 360474 
349893] 917) 650107 361053 
350443| 3ye} 649557] 361632 
350992] 21°] 649008} 362210 
351540| G14] 648460] 362787 
3520881 9!8] —g47919| 363364 


| Cosine. | | Secant. | Cotang. | 


(hes 


CONDO WN © 


009839] "* 
OGeie 
009866 45 


10.675634] 9.334259! 10.665741 10.009893) 75 
46 
4 


1020 
1019 
1017 
1016 
1015 
1013 
1012 
1011 


009921 
009948 
009975 


: Be es ec, <a 


a 


TABLE VI. 


Tangents and Secants. 


9.369663|—g75 


Cosec. 

0] 9.352088 911 10.647912] 9.363364 
1] 352635 910 647365| 363940 
2} 353181 909 646819} 364515 
3] 353726 908 646274} 365090 
4) 354271 907 645729} 365664 
5} 354815 905 645185] 366237 
6] 355358 904 644642] 366810 
7] 355901 903 644099] 367382 
8} 356443 902 643557] 367953 
9} 356984 901 643016] 368524 
10} 357524 899 642476} 369094 
ll 9.358064)——ao6 ae EES Sela 

2] 358603 397 
13 359141| 237] 6408591 370799 
359678 895 640322) 371367 
360215} §93| 639785] 371933 
360752 892 639248] 372499 
361287! 99) 638713] 373064 
361822 890 638178] 373629 
362356 889 637644} 374193 
362889} go 637111} 374756 
9.363422) oo 10.636578] 9.375319 
363954) pe. 636046} 375881 
364485 884 635515] 376442 
365016 883 634984] 377003 
365546 889 634454} 377563 
366075] ge)| 633925] 378122 
366604! gap 633396] 378681 
367131 879 632869} 379239 
367659 877 632341] 379797 
368185 876 631815} 380354 
9.380910 
381466 
382020 
382575 
383129 
383682 
384234 
384786 
385337 
5 385888 

tea 9.386438|—a = 

374452 863 625548] 386987 
374970) geo 625030} 387536 
375487 861 624513} 388084 
376003 60 623997) 388631 
376519 859 623481, 389178 
377035| gra) 622965 ,389724 
377549 857 622451) 390270 
378063) 956 621937; 390815 
378577 54 621423) 391360 
9.379089|— er 10.620911; 9.391903 
379601 859 620399} 392447 
380113 851 619887} 392989 
380624 850 619376) 393531 
381134 849 618866} 394073 
381643 848 6183571) 394614 
382152 847 617848} 395154 
382661 846 6173391 395694 
383168 845 §16832{ 396233 
383675 616325} 396771 
| Cosine. | | Secant. | Cotang. | 


(13°) 


| Tang. | D. | Cotang. | Secant. |D.| Cosine. | 


103 | 


960| 10-636636) 10.011276),.| 9.988724) 60 
959} 936060) 011305),4] 988695] 59 
g5a| 039485) 011334) ,5| 988666] 58 
957| 034910] 011364/,0] 988636) 57 
955| 034836] 011393!,5} 988607) 56 
g54| 933763) 011422/,5| 988578) 55 
953| 033190] 011452/,5/ 988548) 54 
g59| 032618) 011481),5| 988519} 53 
951| 632047] 011511/;9| 988489] 52 
950} 631476) 011540/,5| 988460} 51 
g49|___ 630906] _011570/,5| 988430] 50 
948| 10-630337| 10.011599|75] 9.988401] 49 
946| 629768) 011629),5| 988371) 48 
945} 629201] 011658/;5| 988342] 47 
g44| 628633] 011688/-0| 988312] 46 
g43| 628067| 011718), 9} 988282] 45 
g49| 927501] 011748|-,| 988252] 44 
g4j| 626936] 011777)-5| 988223) 43 
949| 626371} 011807), | 988193] 42 
939| 625807] 011837)-| 988163] 41 
g3g|___625244} —011867)-9| 988133] 40 
—937| 10-624681] 10.011897|=7| 9.988103] 39 
935} 624119] 011927|-,| 988073] 38 
934} 623558} 011957|-,| 988043] 37 
933| 622997] 011987|-,| 988013] 36 
939| 622437) 012017), | 987983] 35 
931; 621878) 012047\<9; 987953] 34 
939| 621319] 012078/-)| 987922] 33 
g29| 620761 012108). ,| 987892) 32 
993} 620203] 012138),,| 987862} 31 
o7|___ 619646] _012168|-,| 987832] 30 
—926| 10-619090] 10.012199)=5| 9.987801) 29 
g95| 618534] 012229/-5) 987771] 28 
go4| 617980] 012260)-5| 987740) 27 
993| 617425] 012290/-,| 987710} 26 
999} 616871) 012321), 5| 987679] 25 
g2]| 616318]  012351)-5| 987649) 24 
g20| 015766)  012382/-,| 987618) 23 
919} 615214] 012412|-5) 987588] 22 
918i  S14663] 012443)-5| 987557] 21 
g17|__614112] 012474)-)| 987526] 20 
915| 10-613562 | 10.012504)-5] 9.987496] 19 
914, 613013] 012535),,| 987465] 18 
g13| 612464) —012566)-5| 987434) 17 
gig} 11916]  012597|,5| 987403] 16 
911, 11369] 012628/-5| 987372) 15 
g19| 610822] 012659}-5] 987341} 14 
909| 610276} 012690)-5) 987310} 13 
903) 909730] 012721)-5) 987279) 12 
907, 809185} 012752)-5) 987248) 11 
906|__608640] _ 012783)/-5) 987217] 10 
—905| 10-608097] 10.012814)=5| 9.987186] 9 
go4} 607553) 012845)-5) 987155] 8 
903}  907011{ 012876]55| 987124) 7 
992} 906469} 012908|-5| 987092] 6 
901; 805927] 012939)-5] 987061) 5 
900| 605386} 912970)-5) 987030] 4 
399| 604846] 013002/-5/ 986998) 3 
gygi 604306] + 013033/-5| 986967] 2! 
397| 603767] 013064/-5| 986936] 11 
603229] 013096 986904, 0} 
|~“Tang. “| ~“Cosec. | “| Sines [¢ 


be rere 


TABLE VI. 
(14°) Logarithmic Sines. 


| D. | Cosec. J Tang. | D. | Cotang. | Secant |D.| Cosine | 


0 [9.383675] _g44| 10.616325) 9.396771] — gog] 10.603229] 10.013096),,.) 9.986904) 60 
384182] G45 615818] 397309} gg] 602691] 0131273) 986873) 59 
384687; G45; 615313] 397846] g9-| 602154 986841] 58 
385192) B4;| 614808] 398383] 994] 601617 986809] 57 
385697} g45| 614303] 398919} 993} 601081 986778] 56 
386201) gaq| 613799] 399455] g99] 600545 986746] 55 
386704) 355} 613296] 399990] g9)| 600010} 013286 986714] 54 
387207| §3r| 612793] 400524} goq| 599476] 013317]53| 986683] 53 
387709} 357| 612291 401058} 955] 598942] 013349|-5) 986651] 52 
388210] 6°] 611790] 401591] gee} 598409] 013381/53] 986619] 51 
388711 611289] 402124 597876] _ 013413)25| 986587] 50 


OA) 834| 887 | 
9.389211 10.597344] 10.013445 53| 9986995] 49 


334) 10.610789| 9.402656|—geF 
389711 610289] 403187) Go°| 596813] 013477|5| 986523) 48 
5962821 013509|,5| 986491] 47 


390210 ae 609790] 403718] 30° 

390708, 83!) gog292| 404249] 28s] 595751) 01354] 986459] 46 

391206| 83°) goszo4l 404778] 353) 595222] 013573/53| 986427] 45 

391703] 825] gos297| 405308] £27] 594692] 013605|53| 986395] 44 

392199] 627 Go7801) 405836] $85] 594164] 013637 986363] 43 

392695 607305] 406364] $5?) 593636] 013669|24 986331) 42 
593108] 013701|24| 986299] 41 


393191 oy 606809! 4ossg2] 879 
393685 6063151 407419 592581] 013734|24| 986266] 40 


eri Yulin WMA): NARS BADIA GLE 47 ppc NAAARL IS, Ben 
9.394179 $99 10.605821} 9.407945 876 10.592055} 10.013766)- 74) 9.986234) 39 
394673 89] 605327] 40847] 875; 5991529 013798). 4| 986202) 38 
395166 820 604834} 408997 874 591003 013831]; 4] 986169] 37 
395658 819 604342] 409521 874 590479 013863}, 4) 986137 
396150 818 603850} 410045 873 589955 013896}; 4| 986104 
396641 817 603359} 410569 879 589431 013928). 4) 986072 
397132 817 602868] 411092 87] 5988908 013961}54) 986039 
397621 816 602379} 411615 870 588385 013993}54| 986007 
398111 815 601889} 412137 869 587863 014026)- 4) 985974 
398600 601400] 412658 ; 587342 014058)-4] 985942) 30 


|! (814) 868 | ee 
1 9.399088 S13 10.600912} 9.413179 867 10.586821} 10.014091)F =| 9.985909} 29 
399575 812 600425} 413699 866 586301 014124)--| 985876) 28 
400062 81] 599938] 414219 865 585781 014157|5.) 985843] 27 
400549 810 599451] 414738 864 585262 014189|--| 985811) 26 
401035 809 598965} 415257 864 584743 014222)-5| 985778) 25 
401520 808 598480] 415775 863 584225 014255/55| 985745) 24 
402005 807 597995} 416293 862 583707 014288)55| 985712] 23 
402489 806 597511} 416810 86] 583190 014321}55}| 985679} 22 
402972 805 597028} 417326 860 582674) = 014354|5-| 985646} 21 
403455 596545} 417842 582158 014387)-5}| 985613] 20 


fee] BOA) 859 | ee 
| 9.403938/—53 10.596062| 9.418358 B58 10.581642} 10.014420|- =| 9.985580] 19 
404420 802 595580} 418873 957 581127 014453]55) 985547} 18 
404901 595099} 419387 580613 014486)--| 985514} 17 


405382| $94] 594618] 419901] £20) 580099} 014520/55] 985480] 16 
405862 594138] 420415 


om 579585) 014553 9854471 15 
406341} 222| 593659) 420927| 8° he 


798 g54{ 529073) 014586); —| 985414) 14 
406820) 29-| 593180) 421440) o°2) 578560] 014620|5¢| 985380] 13 


407299] 594] 592701| 421952] 9°5) 578048} 014653|s6| 985347] 12 
407777) o2| 592223) 422463] O21] 577537] 014686|s¢| 985314] 11 
408254} 504] 591746] 422974] 22 )| 577026] _014720/z4| 985280] 10 


51} 9.408731|—oq| 10.591269} 9.423484|—— >| 10.576516) 10.014753|5¢) 9.985247] 9 

409207} ro) 590793] 423993} 913] 576007| 014787|;¢| 985213 
; | 

409682| Fo] 590318) 424503] g44] 575497] 014820/5¢| 985180 
410157] 79); 589843} 425011) ¢)-| 574989) 01485456) 985146 
£02) Fat] |) eEeRee) 42 mag) 27a Og ee 

789 , 845] “7156 | 
411579] Soo] 588421) 426534] 7") 573466] 014955/5¢) 985045 
412052) 50] 587948] 427041) 273] 572959] 014989/5¢) 985011 
412524) 57} 587476] 427547| 213| 572453] 015022|--| 984978 
412996 587004] 428052 5719481 015056|° | 984944 


| Secant ] Cotang. | | Tang. | Cosec. | | Sine 
75° 


Se NWR TAN OO 


—_- 
~ 


TABLE VI. cage 
Tangents and Secants. (15°) 


| D. | Cosec, | Tang. | D. | Cotang. | Secant |D.| Cosine | 
795) 10-587004] 9.428052]. 5] 10.571948] 10.015056),-) 9.984944 
74} 986533 428557) 245| 571443) 015090 984910 
783| 586062} 429062} 245| 570938] 015124)°-) 984876 
783| 985592] 429566] ooo] 570434] 015158)27) 984842 
7g2| 585122) 430070) o50} 569930} 015192/°-] 984808 
7g]| 984653] 430573) oy6| 569427) 015226)°-| 984774 
584185] 431075] 92-| 568925) 015260 984740 
583717] 431577] 954] 568423} 015294|°") 984706 
583249] 432079} 932] 567921] 015328 af 984672 
582783] 432580] 957| 567420| 015363 e 984637 
5823161 433080 566920} 015397)/2°| 984603 


| MORN G See oh PE eae ad ORE Fe] aalalieie al pianos 047g Ri eubionilded 1 ad 
—sre| 10.581850] 9.433580 339 10.566420} 10.015431 57 9.984569 
581385] 434080 839 565920 984535 
580921] 434579 83] 565421 984500 
580456} 435078 830) 564922 984466 
579993] 435576 829 564424 984432 
579530] 436073 898 563927 960° 58 984397 
579067} 436570 898 563430 984363 
578605] 437067 897 562933 ) 984328 
578143] 437563 896 562437 58 984294 
577682] 438059 561947 58 984259 


7 Ls yr peat hie] Matciaaeead PAF c9 | Coen dad | eh 

—F6q| 10-577222| 9.438554|—Z5,| 10.561446 za| 9.984224 
576762| 439048} 35,| 560952 984190 

576303] 439543) 9531 560457 28) 984155 

575844] 440036] 955] 559964 3} 984120 

575385} 4405291 95)| 559471 984085 

574927) 441022] 955} 558978 984050 

574470] 441514] gig] 558486 5985|2°} 984015 

574013] 442006] ¢yo) 557994 983981 

573557| 442497) 9131 557503 983946 

426899 573101] 442988 557012 98391] 


OS | eee be ian e TOL Te yA Be 
9.427354|—s=9] 10.572646 9.443479|—or 10.556521 3 9.983875 
427809 572191] 443968 816 556032 983840 
428263 571737) 444458 815 555542 59 983805 
428717 571283} 444947 814 555053 983770 
429170 570830] 445435 813 554565 ) 59 983735 
429623 5 570377] 445923 812 554077 016300 59 983700 
430075 569925] 446411 812 553589 016336 59 983664 
430527 569473} 446898 81] 553102 016371 rs 983629 
430978 569022) 447384 810 552616 016406 59 983594 
431429 5 568571] 447870 552130 016442 5 983558 


SEs article gs obs Raetialesten ial gai .| i]! parle iaiatebresim paternal s acl 1,1!) Palleiwle seas Aad 

9.431879|—779| 10.568121 9.448356|—e 59 10.551644 10.016477)— 9.983523 
432329 567671} 448841 808 551159 016513 59 983487 
432778 567222} 449326 807 550674 016548 59 983452 
433226 566774} 449810 206 550190 016584 59 983416 
433675 566325) 450294 806 549706 016619 59 983381 
434122 565878] 450777 805 549223 016655 59 983345 
434569 565431f 451260 Shi 548740 016691 59 983309 
435016 564984] 451743 803 548257 016727)" 0 983273 
435462 564538} 452225 547775 016762 983238 


435908| 475| _564092| 452706 oe 547294] 016798/| 983202 


sea pe SE Ee ee ree oe ()() ee ee 

9.436353 10.563647] 9.453187 801 10.546813] 10.016834 0 9.983166 
436798 563202] 453668 800 546332 016870 983130 
437242 562758} 454148 799 545852 016906 983094 
437686 562314] 454628 545372 016942). 983058 
438129 561871} 455107 C 544893 016978 6 983022 
438572 561428] 455586 544414 017014). 982986 
439014 ‘ 560986} 456064 543936 017050 982950 
439456 7 560544] 456542 543458 017086 982914 
4398697 ; 560103] 457019 542981 017122 982878 
440338 5596621 457496 542504 017158 982842 


| Secant | Cotang | | Tang. | Cosec. Sine | / 


TABLE VI. 

(16°) Logarithmic Sines. 
| D. | Cosec. | Tang. | D. | Cotang. | Secant. |D.| Cosine. | 
10.559662) 9.457496 10.542504]-10.017158 9.982842 
he 457973| 2241" 549097 60) 982805 
441218 739 458449 941551 ’ 982769 
441658 73] 1 458925 541075 982733 
442096 73] f 459400 540600 982696 
442535 73.0 | 459875 540125 9826060 
442973 799 # 460349 539651 982624 
443410 798 460823 539177 982587 
443847 707 461297 538763 982551 
444284 797 461770 538230 61 982514 
444720 796 462242 7 537758 017523 61 982477 


9.445155|—yor | 9.462714} —se5] 1.537286) 10.017559|-5] 9.982441 
445590| 254 | 463186 536814] 017596/"5| 982404 
446025] 753 463658 536342) 017633|2)| 982367 
446459| 255 | 464129 535871] 017669/7,| 982331 
446893] 555 | 464599 535401] 017706/2,| 982294 
447326] 45) | 465069 534931} 017743|21| 982257 
447759) 759 i] 465539 534461] 017780/25| 962220 
448191] 559 | 466008 533992] 017817/75| 982183 
448623] 539 | 466476 533524] 017854]4) 982146 
449054) 518 466945| 425 533055] _017891/7"| 982109 


9.449485|—siz | 9.467413|—579| 10.532587| 10.017928)-,| 9.982072 
449915] o16 | 467880 532120] 0179655] 982035 
450345] 16 | 468347 531653] 018002/25) 981998 
450775| fy. | 468814 531186] 018039/°5) 981961 
451204] 514 469280 530720] 018076|75] 981924 
451632) 515 | 469746 530254] 018114/°5) 981686 
452060 470211 529789] 018151 981849 


452488) 718 | 470676| 225] 5293241 018188/62! 9ogigio 
452915 


712 


ae 471141 528859] 018226)92| 981774 


471605| 24°! 528395] 018263]92| 981737 


Die Bearer a LO peyote 3) ee 
9.453768)—77 9 1 9.472068|—s55| 10.527932] 10.018301 63 9.981699 
454194) 09 | 472532 527468] 018338 63 981662 
454619} 498 } 472995 527005] 018375 63 981625 
455044 707 | 473457 526543} 018413 63 981587 
455469 707 | 473919 526081 018451] 63 981549 
455893 706 i 6474381 525619} 018488 981512 
456316 705 1 474842 525158] 018526 63 981474 
456739 704 3261} 475303 524697} 018564 63 981436 
457162 04 | 475763 524237| 018601 981399 
457584 476223 6 523777 018639 63 981361 


AO] 497584) 793 Fy 400248 __e9tid|_ (0180391-,) 981961) 20 

pasanngleL | 9.476683|—y 6) 10,523317| 10.018677| 5] 9.981323 
458427 oy | 477142 522858] 018715 981.285 
458848] 7)4 | 477601 522399] 018753)03| 981247 
459268] 70° | 478059 521941 018791163! 981209 
459688 ina | 478517 5214831 018829 981171 
460108] P99 | 478975 521025 981133] - 
460527| Poe 31 479439 520568 981095 
460946] Fos| 539054] 479889 520111 4) 981057 
461364} fon 480345 519655 981019 
461782 480801} 729} 519199 pa|_ 980981 


LPP] Fh S1B2))) gs ecagpueg! 188) OLE ed ene ee 
9,462199|—aoe 9,481257|—s=4| 10.518743] 10.019058|-| 9.980942 
462616] Roa 481712] 728) 518286) 0190964] 980904 
463032| Roa| 482167 517833 019134|"| 980866 
463448] 5° i 482621 517379 980827 
463864| ©99, 536136) 483075 516925 980789 
464279| °92 483529 516471 980750 
464694] Poa | 483982 516018 980712 
465108} Po) 484435 515565 327\%4| 980673 
465522| >. | 484887 515113] 019365] "| 980635 
465935| °29 5] 485339 514661] 019404 980596 


| Cosine. | | Secant. | Cotang. | | Tang. |~ Cosec. | |"Sine. 


453342 


SeNYWHRAANDE 


TABLE VI. 107 
Tangents and Secants. (17°) 
‘Cosec. [ Tang. | D. | Cotang. | Secant. |D.| Cosine. | 
1.534065) 9.485339} 7. .| 10.514661] 10.019404)_, | 9.980596 
533652) 485791 aE 019442]27) 980558 
533239] 486242] 755 019481 a 980519 
532827) 486693 it 019520 a 980480 
532415] 487143} 5?) 019558 e 980442 
532004] 487593] oo]: 019597) 5°} 980403 
531593] 488043) 746 019636] .°) 980364 
531183] 488492] 746 019675] -°| 980325 
530773] 488941} 7), 019714) -°) 980286 
530363) 489390 019753|22| 980247 


529954 4ggs3e| 247 019792 980208 
9.980169 


me SRST) 746 
9.490286|—T 7 
529137] 490733} 74. 980130 
528729} 491180) 344 980091 
528321] 491627) 444 980052 
527914} 492073 743 ; 980012 
527508] 492519) 545 979973 
527102} 492965 749 979934 
_ 526696} 493410 741 979895 
526290] 493854) 449 979855 
525885} 494299 979816 


eee. 740 ans Se 
a7 | 10.525481 9.494743) —T75 9.979776} ¢ 
5925077}, 495186 739 979737] : 
524673} 495630 738 979697} : 
524270] 496073 737 -| 979658] ¢ 

523867] 496515 737 979618 

523464} 496957 736 979579 

523062] 497399 736 979539 

522660} 497841 979499 


522259] 498289] 73° 979459 


521858] 498729| 734 979420 


idea AEGAN Sie a Abe BBE PANS Gel oe eee 
— >| 10-521458| 9.499163] -+>> G 9.979380 
5210581 499603 979340 
520658] 500042 199! 979300 
520259] 500481 1 979260 
5198601 500920 ¢ ‘1 979220 
519461] 501359 ! 979180 
5190631 501797 B60] n0| 979140 
518666) 502235 “1 979100 
518269) 502672 “1 979059 
5178721 503109 57979019 


10.517475] 9.503546|—-> 10.021021)-5| 9.978979 
517079; 503982 021061)/2-| 978939 
5166841 504418 ; 021102)°%| 978898 
516288] 504854 | = 021142 67 978858 
515893] 505289 021183}°4| 978817 
515499] 505724 1} 021223194) 978777 
515105} 506159 021264) °°| 978736 
5147111 506593 0213041241 978696 
514318} 507027 : 021345]2°) 978655 
513925) 507460 : 021385)20) 978615 

——| 10:513533! 9.507893 10.021426|—| 9.978574 
513140] 508326 el 6978533 
512749] 508759 ( 507/221 978493 
5123571 509191 21548}2°] 978452 
511966] 509622: gg) 978411 
511576] 510054 21630|2>| 978370 
511186) 510485 2°! 978329 
510796} 510916 °) 978288 
510407) 511346 ; 217! 978247 
510018 511776 978206 


| Secant. | Cotang. | Tang. | Sine. | / 
72° 


108 TABLE VI. 


(18°) Logarithmic Sines. 


/ | Sine. | D. | Cosec. | Tang. | D. | Cotang. | Secant. |D.| Cosine. | 


0] 9.489982 648 10.510018] 9.511776 716 10.488224] 10.021794 68 9.978206] 60 
1} 490371 648 509629} 512206 716 487794 978165] 59 
2} 490759 647 509241} 512635 715 487365 978124) 58 
3] 491147 646 508853] 513064 714 486936 978083] 57 
4} 491535 646 508465] 513493 714 486507 . 978042} 56 
5} 491922 645 508078} 513921 713 486079 978001) 55 
6 644 713 485651 4 977959} 54 
7 644 719 485223 977918] 53 
8} 493081 643 506919} 515204 712 484796 2% 977877) 52 
493466 642 506534] 515631 71] 484369 977835} 51 
493851 642 506149} 516057 710 483943 69 977794) 50 


“V1 9.494236 10505764) 9.516484|—- | 10.483516| 10.022248| -5| 9.977752) 49 
aes] Gi seal si) Tel cal cee 
495388 5046121 5177611 222} 4822391 02237219! 977628) 46 
495772 504228] 518185} 298! 481815) o22414l°?| 977586) 45 
A96154 503846 518610| 228] 4si390! 022456102] 977544) 44 
496537 503463] 519034 Ah 480966) 022497 fp 977503] 43 
496919 503081] 519458] 2pe| 4805421 022539)77) 977461) 42 
497301 502699} 519se2| 4°] 480116] 022581|70) 977419} 41 
497682 5023181 520305] 7)?| 479695| _022623|70| 977377] 40 


9.496064 10.501936] 9.520728 704 10.479272] 10.022665 7 9.977335] 39 
498444 501556} 521151 703 478849 022767|~ 977293] 38 
498825 501175] 521573 703 478427 2: 9772514 37 
499204 633 500796] 521995 703 478005 977209} 36 
499584 632 500416} 522417 702 477583 7 977167} 35 
499963 632 500037] 522838 702 477162 977125] 34 
500342 63] 499658] 523259 70] 476741 7 977083} 33 
500721 63] 499279] 523680 70] 476320 977041} 32 
501099 630 498901{ 524100 700 475900 976999} 31 
501476 629 498524) 524520 699 475480 976957} 30 


9.501854 a9 10.498146} 9.524939 $99 10.475061 10.023086)75 9.976914] 29 
502231 628 497769} 525359 698 474641 023128), ) 976872} 28 
502607 628 497393] 525778 698 474222 023170 976830} 27 
502984 627 497016} 526197 697 473803 023213}, 976787] 26 
503360 626 496640] 526615 697 473385 023255}, 976745] 25 
503735 626 496265} 527033 696 472967 023298)7) 976702} 24 
504110 625 495890] 527451 696 472549 023340 976660} 23 
504485 625 495515] 527868 695 472132 023383) 71 976617} 22 
504860 624 495140} 528285 695 471715 023426), ) 976574] 21 
905234 623 494766] 528702 694 471298 023468) ) 976532} 20 


9.505608 $23 10.494392 9.529119|—po3 10.470881} 10.023511 71 9.976489] 19 
505981 629 494019} 529535 693 470465 023554 976446} 18 
506354 629 493646} 529950 693 470050 023596 976404} 17 
506727 621 493273] 530366 692 469634 023639}4) 976361} 16 
507099 620 492901} 530781 69] 469219 023682 976318} 15 
507471 620 492529] 531196 69] 468804 023725 71 976275} 14 
507843 619 492157] 531611 690 468389 023768) 75 976232] 13 
508214 619 491786} 532025 690 467975 023811]45| 976189] 12 
508585 618 491415] 532439 689 467561 023854) 75 976146} 11 
508956 618 491044] 532853 467147 023897 |79 976103} 10 


eid Eibach sta ————— |__| 689 |e 
9.509326 47 10.490674 9.533266|—Fa5 10.466734} 10.023940)75) 9.976060 
509696 616 490304] 533679 688 466321 023983}75| 976017 
510065 616 489935] 534092 687 465908 024026 975974 
510434 615 489566} 534504 687 465496 024070}45) 975930 
510803 615 489197] 534916 686 465084 024113 975887 
511172 614 488828] 535326 636 464672 024156}45) 975844 
511540 613 488460) 535739 685 464261 024200 79| 975800 
511907 613 488093} 536150 685 463850 024243 79) 975757 
512275 612 487725} 536561 684 463439 024286 79) 975714 
512642 4873581 536972 463028 024330 975670 


| Cosine. | | Secant. | Cotang. | | Tang. | Cosec. | | Sine. | / 
71° ae 


507692] 514349 
507305} 514777 


492308 
492695 


641 
641 
640 
639 
639 
638 
637 
637 
636 
636 
635 
634 
634 


ro) 


SK NwkAEAYNO 


TABLE VI.” 109 } 
Tangents and Secants.” (19°) 

/ | Sine. 

9.512642 
513009 537382 
513375 537792 
513741 ; 538202 682 
914107 3) 538611 682 461389 975496 
514472 539020 68] 460980 975452 
514837 t § 6939429 681 460571 ? 975408 
515202 f 539837 680 460163 rE 975365 
515566 b «540245 680 459755 024679 73 
515930 | 540653 679 459347 024723 73 
516294} ., 541061 458939 024767 3 


1 ees 6 oe 2 be eres 
9.516657|—>-= | _ 679\ 50458530 
517020 980) 541875 678) 458195 
517382 sigh 542281} ©78! 457719 
517745 5] 542688] 677) 457312 
518107 31 543094 pie 456906 
518468 I 543499 ob 456501 
518829 | 543905} P20) 456095 
519190 | 544310 Be 455690]  025120|54 
519551 544715] P70) 455285] 025164 
519911 | 545119 454881] _ 025208)77 


———___— 674 
952027112, 


10.463028] 10.024330 
462618 
462208 
461798 975539} 


684 
683 
683 


SwCONAUNHBWNH SOS 


—Zra| 10.454476| 10.025252|-7 
520631 369) 545928 Ae: 454072]  025297|-, 
520990 | 546331) P25] 453669) 025341)74 
521349] | 546735] P22) 453265] 025386/> 4 
521707 | 547138] 677] 452862) 025430)74 
522066 | 547540 4524601 025475)> 4 
522424 } 547943) | 452057) 025519 
522781 | 548345 451655] 025564| 
523138] > : I 548747 451253] 025609 
523495| 29 | 549149] 03) 450851] 025653)75 
9.523852|—z94 | 9.549550|—,--| 10.450450| 10.025698|5 
524208| 5 | 549951 450049| 025743], 
524564 I 550352 449648] 025788), 
524920} 22s | 550752 449248] 0258332 
525275| so: 5} 651152) © 448848] 025878), 
525630 | 551552 448448]  025923|75 
525984 > | 551952 448048] 025968, 
526339 73661) 552351 447649| 02601317. 
526693 | 552750 447250]  026058|75 
527046| 5 954) 553149 446851] _ 026103]72 


hinted Labia 5 gil ad Realaaiabebaliat Stace awe Pe ee ee 
9.527400|—noa i =| 10.446452} 10.026148|7- 
527753 553946 446054] 026193 
528105 554344 445656} 026239). 
528458] + f 554741 445259] 026284). 
528810 555139 444861} 026329 
529161] -o¢ QF 555536 444464)  026375|a¢ 
529513) coe I 555933 444067] 026420], ¢ 
529864 : 556329 443671] 026465) 6 
530215] 9785) 556725 443275] - 026511 
530565 1943: 557121 ) 442879 026556 76 
9.530915|—=— | 9.557517|—-9| 10.442483] 10.026602|7¢ 
531265 354 557913 442087| 026648],¢ 
531614 383861 558308 441692} 026693],¢ 
531963 374 558702 441298] 026739|7¢ 
532312 7688) 559097 440903] 026785)7¢ 
532661 467339} 559491 440509}  026831\7¢ 
533009 4669914 559885 440115| 026876 
533357) > 366434 560279 439721] 026922 
533704 56296) 560673 439327| 026968),4 
534052 35948) 561066 4389341 027014 


| Cosine. | | Secant. | Cotang. | | Tang. | Cosec, | | Sine. | 7 


EPERRRTES 


TABLE VI. 
(20°) Logarithmic Sines. 


| D. | Cosec. | Tang. | D. | Cotang. | Secant. |D.| Cosine. | 
9.534052 578 10.465948] 9.561066) ..-| 10.438934] 10.027014 hi 9.972986 

534399 57 465601, 561459 438541 027060 a4 
534745 B77 4652554 561851 027106 77 
535092 577 464908) 562244 : 1756 027152 
535438 576 464562] 562636 : A 027198 77 
535783 576 464217} 563028 : 36 027245 77 
536129 575 463871 563419 ‘ 02729) 7 
536474 574 463526] 563811 027337 a7 
536818 574 463182} 564202 027383 77 
537163 573 462837} 564592 : 027430 7 
537507 b 462493} 564983 ‘ 027476 

573 650 77 


9.537851 579 10.462149] 9.565373}—2=7)| 10. 10.027522|-~ 7 9.6 
538194 579 461806) 565763 027569 79 
538538 57] 4614621 566153 | 027615 78 
538880 57] 461120] 566542 027662 78 
539223 570 4607771 566932 c 027709 78 
539565 570) 460435] 567320 027755 7g 
539907 569 460093} 567709 ‘ 027802 7g 
540249 569 4597514 568098 027849 78 
540590} 568 459410} 568486 : 027895 72 
940931 568 568873 646 : } 027942 79 


‘Bil 9.541272|— ae 3] 9.569261|\—-| 10.430739| 10.027989| == a 9.972011} 39 
541613| Pay 3871 569648 30) 028036/6°| 971964 
541953] 2he | 570035 


542293) nee | 570422 
542632] se. | 


542971] Bae | 571195 
543310] 2a | 571581 

| 571967 
543987| 2a 572352 
544325| oa 572738 


9.544663|— 5 371 9.573123; ——~ 
545000) a5 | 573507 
545338| 34 | 573892 
545674] a) | 574276 
546011] Fe | 574660 
546347| ea | 575044 
546683] 2.4 575427 
547019] Feo 575810 
547354] po | 576193 
547689] Poo | 576576 


| 9.576958|—Gas 
577341 
577723 
578104 
578486 
578867 
579248 
579629 


943649 564 


10.028460|=, 79 9.971540 
028507 971493 
028554 79 
028602 79 
028649, 79 
028697 79 
028744 79 
028792 
028839 79 
028887 79 


hy 5 omnes inal Praag SS 50) Pe ah 
637 10.423042{ 10.028934\c, 80! 2 .971066 
636 422659 028982 80 971018 


636 

636 

635 

635 

634 

634 

634 

633|__41961]} — 029365/¢q) 970635 
§33| 10419231) 10,089414} 55) 9.970586 
632 webtel¢ 

os 029510 


632 
631 
631 
630 
630 
629 


9.548024|—=— 
548359 
548693 
549027 
549360 
549693 
550026 
550359 
550692| pea | 580009 
551024] 23) 448976] 580389 


9.551356|—s5| 10.448644) 9.580769|—aa5 
551687| 225 | 581149 
552018] 25 581528 
552349] pe) 581907 
552680) ey 582286 
553010] Peo i 582665 
553341] p29 3594 583043 
553670] Pg 330) 583422 
554000) 249 | 583800 
554329 571 584177 


|| Cosine,| __|_ Secant. | Cotang.| | Tang. | Cosec. | | Sine. [7 | Cosine. | | Secant. | Cotang. 
69° 


557 
557 

556 
556 
555 
555 
554 


+ | Sine. 

0} 9.554329 
554658 
554987 
555315 
555643 
555971 
556299 
556626 
556953 
557280 

10] 557606 

111 9.557932 

12} 558258 
558583 
558909 
559234 
559558 
559883 
560207 
560531 
_ 560855 


CO NYO OT RO. ND 


561501 
561824 
562146 
562468 
562790 
563112 
563433 
563755 
564075 


[ D. 


548 
548 


“311 9.564396|—— 


| 32 
33 
34 
35 
36 
37 
35 


564716 
565036 
565356 
565676 
565995 
566314 
566632 
566951 
567269 


“A sscrse 
567904 
568222 
568539 
568856 
569172 
569488 
569804 
570120 
570425 


Si) 37078 
571066 
571380 
571695 
572009 
572323 
572636 
572950 
573263 
573575 


Cosine. | 


Tangents and Secants. 
|. D 


| Cosec. 
10.445671 
445342 
445013 
444685 
444357 
444029 
443701 
443374 
443047 
442720 
442394 


79 10.442068 


441742 
441417 
441091 


440766 


440442 
440117 
439793 
439469 
439145 


10.438822 
438499 
438176 
437854 
437532 
437210 
436888 
436567 
436245 
435925 


10.435604 
435284 
434964 
434644 
434324 
434005 
433686 
433368 
433049 
432731 


Fg) 10.432413 


432096 
431778 
431461 
431144 
430828 
430512 
430196 
429880 
429565 


——~| 10.429249 


428934 
428620 
428305 
427991 
427677 
427364 
427050 
426737 
426425 


___1 Cosine. |__| _Secant. | Cotang.| —|_ ‘Tang. | Cosec. | | Sine. |/_ Secant. 


TABLE VI. 


| Tang. 
9.584177 
584555 
584932 
585309 
585686 
586062 
586439 
586815 
587190 
587566 
587941 
9.588316|—75- 
588691 
589066 
589440 
589814 
590188 
590562 
590935 
591308 
591681 


POUL004 or 
992426 
592798 
593171 
593542 
593914 
594285 
594656 
595027 
595398 


9.595768] 
596138 
596508 
596878 
597247 
597616 
997985 
998354 
598722 
599091 


9.599459 
599827 
600194 
600562 
600929 
601296 
601662 
602029 
602395 
602761 


9.603127 
603493 
603858 
604223 
604588 
604953 
605317 
605682 
606046 
606410 


| Cotang. | 


629 
629 
628 
628 
627 
627 
627 
626 
626 
625 
625 
625 
624 
624 
623 
623 
623 
622 
622 
622 
621 
621 
620 
620 
619 
619 
618 
618 
618 
617 
617 


617 
616 
616 
616 
615 
615 
615 
614 
614 
613 


613 


613 
612 
612 
611 
611 
611 
610 
610 
610 


609 


609 
609 
608 
608 
607 
607 
607 
606 


All 
(21°) 

|. Cotang. | Secant. |D.| Cosine. |, 
10.415823 10.029848).) 9.9701527 60 
415445 029897 8] 970103] 59 
415068 029945 8] 970055) 58 
414691 029994 8] 970006} 57 
414314 030043), 969957) 56 
413938} 030091),,) 969909} 55 
413561 030140 8] 969860} 54 
413185 030189 81 969811] 53 
412810 030238 8] 969762] 52 
412434 030286 8] 969714} 51 
412059] _030335)4)| 969665] 50 
10.411684 10.030384)¢5 9.969616) 49 
411309} 030433) 45] 969567} 48 
410934]  030482/,5] 969518] 47 
410560 030531 89 969469] 46 
410186 030580 89 969420) 45 
409812 030630 99 969370) 44 
409438} —030679)45| 969321] 43 
409065, —030728/25) 969272] 42 
408692 030777 89 969223] 41 
408319 030827 89 969173] 40 
10.407946 10.030876)35 9.969124} 39 
407574] —030925),5| 969075] 38 
407202 030975 89 969025} 37 
406829 031024 89 968976] 36 
406458 031074 83 968926} 35 
406086 031123 83 968877} 34 
405715 031173 83 968827] 33 
405344 031223 83 968777} 32 
404973 031272 83 968728} 31 
404602}  031322|,5| 968678] 30 
10.404232) 10.031372 33 9.968628) 29 
403862; 031422 83 968578, 28 
403492 031472 83 968528) 27 
403122 03152] 83 968479] 26 
402753 031571 83 968429} 25 
402384 031621 83 968379} 24 
402015 031671 83 968329] 23 
401646 031722 83 968278} 22 
401278 031772 84 968228) 21 
400909 031822 SA 968178} 20 
10.400541 10.031872)37 9.968128} 19 
400173 031922 84 968078} 18 
399806 031973 8A 968027} 17 
399438 032023 84 967977) 16 
399071] 032073 g4| 967927) 15 
398704 032124 84 967876} 14 
398338 032174 84 967826} 13 
397971} 032225 g4| 967775) 12 
397605 032275 84 967725} 11 
397239] 032326),,| 967674} 10 
10.396873] 10.032376 4| 9967624] 9 
396507) = 032427|0,| 967573] 8 
396142 032478 855 967522) 7 
395777) 032529|,-| 9674711 6 
395412 032579 BF 967421] 5 
395047} 032630 35 967370] 4 
394683 032681 Qn 967319] 3 
394318} 032732)/0-| 967268) 2 
393954 032783 85 967217] 1 
393590 032834 ital 0 


Tang. 


| Cosec. | 


a RA 
68° 


SAE SA 


TABLE VI. 
(22°) Logarithmic Sines. 

/ |. Sine. |.D. | Cosec. |~Tang. | D. | Cotang. | Secant. |D.| Cosine. | 
9.573575 52] 10.426425] 9.606410 606 10.393590] 10.032834 9.967166] 60 2 
573888 426112} 606773 393227 967115] 59] © 
574200 425800] 607137 392863 9670641 58 
574512 425488} 607500 392500 032987 967013] 57 
574824 425176] 607863 392137 033039 966961] 56 
979136 424864} 608225 391775 966910} 55 
75447 424553] 608588 391412 966859} 54 
575758 424242) 608950 391050 966808} 53 
576069 423931] 609312 390688 966756] 52 
576379 423621] 609674 390326 966705} 51 
576689 5 423311} 610036 602 389964 033347 86 966653} 50 


9.576999|= Te) 10.423001 9.610397 602 10.389603 10.033398) 55 9.966602} 49 

2) 577309) - 422691} 610759 389241 033450 966550} 48 
577618) 5 422382] 611120 388880 966499} 47 
577927) 5 422073} 611480 388520 966447} 46 
578236 421764] 611841 388159 033605 966395} 45 
578545 421455] 612201 387799 033656 966344] 44 
578853 421147] 612561 387439 966292} 43 
579162 420838] 612921) © 387079 966240} 42 
579470) 5 420530} 613281 386719 033812 966188} 41 
579777 420223} 613641 599 386359 033864 86 966136) 40 


9.580085|—F 75] 10.419915 9.614000) 98 10.386000] 10.033915) 55) 9.966085] 39 
580392 419608} 614359 385641 033967 966033} 38 
580699 419301} 614718 385282 965981} 37 
581005 418995} 615077 384923 965928} 36 
581312 418688] 615435 384565 965876} 35 
581618 418382] 615793 384207 965824] 34 
581924 418076} 616151 383849 034228 965772} 33 
982229] 5 4177711 616509 383491 034280 965720] 32 
582535) 5 417465] 616867 . 383133 034332 965668} 31 


582840 417160] 617224} Fo,| 382776] _034385/25| 965615) 30 
9.583145|—sp9| 10.416855] 9.617582|—xor| 10.382418| 10.034437|-5| 9.965563] 29 


583449 416551} 617939 382061 034489 87 
583754) 5 416246} 618295 381705 034542 87 
584058 415942] 618652 5 381348 034594 gy 
584361 415639} 619008) ; 380992 034647 88 965353] 25 
584665) 5 415335} 619364 ‘ 380636 034699 965301} 24 
584968) 5 415032] 619721 380279 / 965248} 23 
585272 414728] 620076 379924 034805 965195) 22 
585574 414426} 620432 379568 034857 965143] 21 
585877 414123] 620787 9| 379213 034910 8 965090] 20 


a 


9.586179} 3] 10.413821] 9.621142) 95 10.378858) 10,034963 9.965037; 19 
586482 413518] 621497) 59) 378503 035016 964984] 18 
586783 413217} 621852) 59) 378148 035069/0,| 964931} 17 
587085 ‘ 412915} 622207 590 377793 035121 964879 
587386 412614) 622561) roo 377439 035174 964826 
587688 412312} 622915) Fo 377085 035227 964773 
587989 412011} 623269) 5a 376731 964719 
588289 Al1711} 623623) egy 376377 964666 
588590 411410} 623976) 5 eo 376024 035387 964613 
588890 411110] 624330 588 375670 035440 89 964560 


9.589190|-—7 99] 10.410810] 9.624683) Ga) 10.375317) 10.035493\o5 9.964507 
589489 410511] 625036 gai 374964 035546|,5| 964454 
589789 410211} 625388 374612 Nog] 964400 
590088 409912} 625741 374259 964347 
590387 409613] 626093 373907 : 964294 
590686 409314] 626445) _ 373555 964240 
590984 409016] 626797 373203 39581; 964187 
591282 408718] 627149 372851 964133 
591580 408420} 627501) ; 372499, 964080 
591878 408122| 627852 372148 035974 964026 


| Cosine. | | Secant. | Cotang. | | Tang. | Cosec. | | Sine. J-/ 
67° 


965511} 28 
965458} 27 
965406} 26 


oern~wwrhoanote 


TABLE VI. 13 | 


Tangents and Secants. (23°) 


/{ Sine. | D. | Cosec. | Tang. | D. | Cotang. | Secant. |D.] Cosine. | ; 
0} 9.591878 496 10.408122} 9.627852 58h 10.372148] 10.035974 89 9.964026] 60] 
1} 592176 495 407824] 628203 585 371797 036028 39 963972] 59) 
2] 592473 495 407527} 628554 585 371446 036081 89 963919} 58) & 
3] 592770 495 407230] 628905 584 371095 036135 90 963865] 57 E 
4| 593067 494 406933} 629255 584 370745 036189 90 963811} 56} 
5} 593363 494 406637} 629606 583 370394 036243 90 9637571 55) 
6]! 593659 493 406341] 629956 583 370044 036296 90 963704) 54] &§ 
7| 593955 493 406045} 630306 583 369694 036350 90 963650] 53] 
8} 594251 493 4057491 630656 533 369344 036404 90 963596} 52)  & 
9} 594547 492 405453} 631005 589 368995 036458 90 963542] 51 


10} 594842 405158} 


631355 582 368645 036512 963488} 50 


eae OT. |S) aiid (ciearanataton oe ee cee Paes ee 
ll 9.999137|—Go7 10.404863} 9.631704 582 10.368296 10.036566)95 9.963434] 49 
12} 595432 491 404568} 632053 581 367947 036621 90 963379} 48] &§ 
13) 595727 491 404273} 632401 58] 367599 036675 90 963325] 47] 
14; 596021 490 403979] 632750 58] 367250 036729 90 963271] 46} & 
15}. 596315 490 403685} 633098 580 366902 036783 90 963217} 45 
16} 596609 489 403391) 633447) 539 366553 036837 90 963163} 44 
17} 596903 489 403097} 633795] 5a 366205 036892 9] 963108} 43 
18; 597196 489 402804} 634143 579 365857 036946 9] 963054} 42 
19} 597490 488 402510} 634490 579 365510 037001 9] 962999} 41 


20; 597783 488 402217{ 634838 579 365162 037055 9] 962945] 40 


211 9.598075 487 10.401925] 9.635185 378 10.364815} 10.037110 OL 9.962890! 39 
22} 598368 487 401632] 635532 578 364468 037164 9] 962836) 38 
23] 598660 Q7 401340] 635879 578 364121 037219 9] 962781) 37 
241 598952 486 401048} 636226 577 363774 037273 9 962727) 36 
25) 999244) joe 400756] 636572 577 363428 037328 9 962672) 35 
26) 999536) 4a 4004641 636919 577 36308 1 037383 9] 962617] 34 
27; 999827) gage 400173} 637265 577 362735 037438 9] 962562} 33 
28} 600118) 40. 399882) 637611 576 362389 037492 9 962508) 32 
29; 600409 84 399591} 637956 362044 037547 9] 962453} 31 


30} 600700) 4g,| 399300| 638302 pa 361698} _037602|55] 962398] 30 
31] 9.600990|—gaq| 10.3990 10} 9.638647|—F 75] 10.361353| 10.037657|55 9.962343] 29 
32} 601280} 493] 398720] 638992] £75} 361008} 037712)9,| 962288) 28 
33} 601570} 495] 398430] 639337] 575) 360663) 037767 962233} 27 


34] 601860 89 398140} 


639682 574 360318 037822 92 962178] 26 
35} 602150 482 397850 


640027 574 359973 037877 42 962123) 25 


36} 602439 482 397561) 640371 574 359629 037933 92 962067} 24 
37] 602728 8] 397272; 640716 573 359284 037988 92 962012) 23 
38} 603017 481 396933} 641060 573 358940 038043 92 961957} 22 
39; 603305) 49) 396695} 641404 573 358596 038098 9 961902} 21 


40} 603594 480 396406} 641747 572 358253 038154 92 961846] 20 


411 9.603882 480 10.396118} 9.642091 57g 10-357909) 10.038209 99 9.961791] 19 


42} 604170} gro, 395830] 642434) 545) 357566} —038265)45| 961735] 18 
43) 604457) 4xo| 3955431 *642777 m7Q| 357223] 038320)55| 961680} 17 
44) 604745) 479) 395255) 643120} 577] 356880] 03837645) 961624) 16 
45} 605032} 47,| 394968] 643463) 5-)| 356537{ 038431 93 961569} 15 
46] 605319) 47g) 394681) 643806] 573] 356194| 038487/0,) 961513] 14 
47| 605606} 47g| 394394] 644148} 5-5] 355852] 038542105] 961458] 13 
48] 605892} 457] 394108) 644490) 549] 355510] —038598/5,) 961402} 12 
49} 606179} 477| 393821] 644832} 579) 355168] 038654/5,) 961346] 11 
50} 606465) 476] 393535) 645174] Feo] 354826) _038710/53) 961290} 10 
51] 9.606751|—qrq| 10.393249) 9.645516|—- Fo] 10.354484| 10.038765|55| 9.961235] 9 
52} 607036] 47¢| 392964] 645857) Feo} 354143] 038821 961179} 8 
53} 607322} 47-| 392678) 646199) =o! 353801} 038877|5,} 961123] 7 
54) 607607) 45-| 392393] 646540] 565) 353460) —038933]9| 961067) 6 
55] 607892) 4-4| 392108) 646881) 50) 353119} 038989|3} 961011] 5 
56] 608177 7A 391823! 647222} Fpo| 352778]  039045/9,) 960955) 4 
57} 608461) 454; 391539} 647562 567 352438} 039101]5,} 960899] 3 
58; 608745) 454) 391255) 647903) Fe.| 352097) 039157)44) 960843] 2 
59} 609029} 475| 390971] 648243) FAQ| 351757) 039214194) 960786) 1 
60} 6093131 */ 3906871 648583| °” 351417! 039270 9607301 0 


~~ | Cosine. | —* | Secant. | Cotang. [| Tanz. | Cosec. [ | Sine. r7| 


21 66° 


114 


/ | Sine. 


0 
] 
2 
3 
4 
5 
6 
7 
8 


ve) 


10 
1] 
12 
13 
14 
15 
16 
17 
18 
19 
20 


9.609313 


609597} 


609880 
610164 
610447 
610729 
611012 
611294 
611576 
611858 
612140 


612702 
612983 
613264 
613545 
613825 
614105 
614385 
614665 
614944 


9.615223|—F pe 


615502 
615781 
616060 
616338 


616616]. 


616894 
617172 
617450 
617727 


“311 9.618004 


618281 
618558 
618834 
619110 
619386 
619662 
619938 
620213 
620488 


9.620763|—4re 


621038 


621313} 
621587! 


621861 
622135 
622409 
§22682 
622956 
623229 


| D. | Cosec. | Tang. | D. |, Cotang. | Secant. |{D.| Cosine. | | 
10.351417] 10.039270 


9.612421|— 


“51 9.623502|—— 


623774 
624047 
624319 
624591 
624863 
625135 
625406 
625677 
625948 


TABLE VI. 


(24°) Logarithmic Sines. 


10.390687 
390403 
390120 
389836 
389553 
389271 
388988 
388706 
388424 
388142 
387860 


10.387579 


387298 
387017 
386736 
386455 
386175 
385895 
385615 
385335 
385056 


10.384777 


384498 
384219 
383940 
383662 
383384 
383106 
382828 
382550 
382273 


10.381996 


381719 
~ 381442 
381166 
380890 
380614 
380338 
380062 
379787 
379512 


10.379237 


378962 
378687 
378413 
378139 
377865 
377591 
377318 
377044 
376771 


10.376498 


376226 
375953 
375681 
375409 
375137 
374865 
374594 
374323 
374052 


9.648533 
648923 
649263 
649602 
649942 
650281 
650620 
650959 
651297 
651636 
651974 


9.652312 
652650 
652988 
653326 
653663 
654000 
654337 
654674 
655011 
655348 


9.655684 


656020 
656356 
656692 
657028 
657364 
657699 
658034 
658369 
658704 


9.659039 


659373 
659708 
660042 
660376 
660710 
661043 
661377 
661710 
662043 


9.662376 


662709 
663042 
663375 
663707 
664039 
664371 
664703 
665035 
665366 


9.665697 


666029 
666360 
666691 
667021 
667352 
667682 
668013 
668343 
668672 


566 
566 
566 
566 
565 
565 
565 
564 
564 
564 
563 
963 
563 
563 
562 
562 
562 
561 
561 
561 
561 
560 
560 
560 
999 
999 
959 
559 
558 
558 
558 


—rrg| 10.340961 


558 
557 
557 
557 
557 
556 
596 
556 
555 
555 
990 
554 
504 
904 
054 
553 
553 
593 
553 
552 


552 
552 
551 
551 
551 
551 
550 
550 
550 


Secant. | Cotang. | 


3510771 039326 # 
350737] — 039382)9 
350398} 03943910) 
350058} 039495]0 
349719] 03955219, 
349380} 039608)0 
349041] 039665], 
348703} 03972110; 
348364]  039778)0 
348026] _ 039835]9 4 
10347688] 10.039891|== 
347350) 039948)0° 
347012] 040005|9: 
346674] 040062]. 
346337] 040118)0. 
346000} 040175192 
345663] 04023210. 
345326] 040289]0° 
344989] 040346)9> 
344652] 040404)5- 
10.3443 16] 10.040461 oz 
343980] 04051819. 
3436441 040575 vs 
343308] 04063219. 
342972] 040690|9% 
342636]  040747/94 
342301}  040805]9, 
341966]  040862|5 , 
341631} — 040919/9- 
341296] _ 040977|o, 
10.04103519¢ 
340627} 041092}0 
340292] 04115019, 
339956] 041208)0 , 
339624) 041266) 
339290} 041323)54 
338957} 041381)o, 
338623] 04143919 
338290] 04149719, 
337957] 041555]9, 
10.337624| 10.041613|55 
337291}  041671]g, 
336958], 041729/9, 
336625] 041787]9, 
336293}  041846]9, 
335961] — 041904]9, 
335629] 041962|o, 
335297]  042021)9, 
334965] 04207919. 
334634] 042137]9. 
10.334303] 10.042196]o> 
333971]  042254)08 
333640) 042313)98 
333309] 042372)0¢ 
332979] 042430/9. 
332648]  042489/0. 
332318] 042548)05 
331987] 042607|0 0 
331657] 042665)0¢ 
3313281 042724 


Tang. 


| Cosec. . 


| 


‘ 


TABLE VI. 115 
Tangents and Secants. (25°) 
Cosec. | Tang. | D.| Cotang. | Secant. | D.| Cosine. | 


10.374052] 9.668673 550 10.331327] 10.042724 98 9.957276) 60 
669002 549 330998} 042783 98 957217} 59 
669332| 549 330668} 042842 98 957158] 58 
669661 549; 330339 042901 98 957099] 57 
669991 548| 330009 042960 98 957040] 56 
670320 549, 2329680 043019 98 956981} 55 
670649 549) 329351 043079 99 956921} 54 
670977 549} 329023 043138 99 956862) 53} . 
671306 547} 328694) 043197 99 956803] 52 
671634 547| 328366 043256 99 956744] 51 
671963 547|___ 328037 043316 99 956684} 50 
9.672291 +7 10.327709 10.043375)-95 9.956625) 49 
672619 546| 327381 043434 99 956566) 48 
672947 546) 227053] 043494) 99 956506) 47 
673274 546| 326726 043553 99 956447] 46 
673602 546| 326398 043613 99 956387) 45 
673929 545| 326071 043673 99 956327) 44 
674257 545) 3929743 043732 99 956268} 43 
674584 545| 325416 0437921) 99 956208] 42 
674910) 44} 325090] 043852) 99 956148} 41 
5 675237) 544] 324763) 043911}; 99) 956089] 40 
ait de aey sae EN 10a 436 Noyes i00 bcos i 
4A4 8141 5890} < 44] 324110 O31}; 99| 955969] « 
AAA 367875} 676216 543| 323784 044091 100 955909] 37. 
443 367608] 676543 543| 323457 044151 100 955849} 36 
443 3673421 676869 543| 323131 044211 100 955789] 35 
443| 367077) 677194) £7) 322806) 044271}, 94) 955729) 34 
442 366811} 677520 549 322480] 044331 100 955669} 33 
449 366546] 677846 549 322154 044391 100 955609} 32 
449 366281} 678171 549| 321829 044452 100 955548) 31 
ve 366016] 678496 549|___921504] 044512 100 955488] 30 
Sli ad FF ST TORT A 2 A a OO Dat ‘ car ee hat es ¢ 
a rrsraah oar] ganas) To pereealiaT| aera gs 
440 > 541 o4 101 
440| 365222) 679471) - 45) 320529) 044693), | 955307) 27 
449| 364958 679795 54]| 320205 044753 101 955247) 26 
439| 364694 680120 540| 319880 044814 101 955186) 25 
439 364430] 680444 540| 319556 044874 101 955126) 24 
439 364166] 680768 540| 319232 044935 101 955065) 23 
438 363903} 681092 540 318908 044995 10] 955005] 22 
138 363640] 681416 539 318584] 045056 101 954944] 21 
438 363377] 681740 539 318260] 045117 101 954883 20 
——| 10.363114} 9.682063|—>-| 10.317937] 10.045177|-—| 9.954823] 19 
TY 362852] 682387 hs 317613] 045238 i 954762] 18 
437| 362589) 682710] -o6) 317290] 045299], 07} 954701) 17 
437 362327] 683033 538 316967] 045360 101 954640) 16 
136 362065) 683356 538 316644] 045421 101 954579} 15 
136 361803] 683679 539| 316321 045482 102 954518] 14 
136 3615421 684001 537 315999} 045543 109 954457} 13 
435 361280] 684324 537 315676] 045604 102 954396] 12 
435 361019} 684646 537| 315354 045665 102 954335) 11 
435 360758) 684968 53 315032] 045726 102 954274] 10). 
aa tal aes] 228) Staaa| nso 2] anda 
| 536 102] %eeaes 
ABA 359976] 685934 536, 314066} 045910 102 954090] 7 
133 359716] 686255 536 313745] 045971); 95 954629] 6 
433 3594561 686577 535| 313423 046032}, 99} 953968 5 
433 359196] 686898 535| 313102 046094) 5 95 953906] 4 
439 358936] 687219 535 312781 046155} 199] 953845 3 
439 358676] 687540 535 312460] 046217 102 953783] 2 
641584 430 358416] 687861 534 312139] 046278 103 953722) 1 
641842 3581581 688182) 3118181 046340 953660] 0 
osine. ecant. otang. lang. osec 
[ Cosine. [|S [ Cotang. | Tang. | © 


2.4.2 


peo 


‘ | Sine 
0] 9.641842 
1} 642101 
21 642360 
3] 642618 
4} 642877 
5} 643135 
6} 643393 
7| 643650 
8} 643908 
91 644165 
10] 644423 
11} 9.644680 
12} 644936 
13} 645193 
14] 645450 
15] 645706 
16} 645962 
17} 646218 
18} 646474 
19} 646729 
20} 646984 
21| 9.647240 
22| 647494 
23] 647749 
241 648004 
25) 648258 
26} 648512 
27] 648766 
28] 649020 
29} 649274 
30] 649527 
31] 9.649781 
32] 650034 
33] 650287 
34} 650539 
35} 650792 
36] 651044 
37| 651297 
38] 651549 
39] 651800 
40] 652052 
41} 9.652304 
421 652555 
43} 652806 
44} 653057 
45} 653308 
46] 653558 
47) 653808 
48} 654059 
49} 654309 
50] 654558 
51] 9.654808 
52] 655058 
53] 655307 
54] 655556 
55] 655805 
56] 656054 
57] 656302 
58} 656551 
59] 656799 
60, 657047 
| Cosine. | 
63° 


TABLE VI. 


(26°) . Logarithmic Sines. 


SCrKNOROOAN OC 
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721570 
721774 
721978 
722181 


9.722385 


722588 
72279) 
722994 
723199 
723400 
723603 
723805 
724007 
724210 


« 


—a74| 10.283776 


345 


344 


g 


| Cosec. | Tang. | D. | Cotang. | Secant. | D.| Cosine. | 


TABLE VI. 


Tangents and Secants. (31°) 


10.288161| 9.778774 


287950 
287740 
287531 
287321 
287111 
286902 
286692 
286483 
286274 
286065 


10.285856 


285648 


281915 


a7 | 10.281709 


343 
343 
343 
343 
342 
342 
342 
342 
341 
341 


341 
341 
340 
340 
340 
340 
340 
339 
339 
339 
339 
339 
338 
338 
338 
338 
337 
337 
337 


| Cosine. | 


281503 
281297 
281091 
280886 
280680 
280475 
280270 
280065 
279860 
10.279655 
279451 
279246 
279042 
278838 
278634 


i—) 


278430) 


278226 
278022 
277819 


10.277615 
277412 
277209 
277006 
276803 
276600 
276397 
276195 
275993 
275790 


| Secant. | Cotang. | 


: = 


58 


477) 10-221226} 10.066934] |. «| 9.933066) 60 
779060} --| 220940; 067010},5,| 932990} 59 
779346] 454] 220654) 067026)15°) 932914) 58 
779632| 47 4| 220368)  067162|)5-| 932838) 57 
779918} | 2200821 067238|,5,| 932762) 56 
780203] je} 219797) 067315|)55| 932685] 55 
780489] 474) 219511) 067391])55| 932609) 54 
780775| 44 ¢| 219225) 067467|)571 932533) 53 
781060] 74) 218940} 067543 1971 932457] 52 
781346) 4° 2| 218654) —067620);55| 932380) 51 
781631] 455) 218369] 067696])55|__ 932304] 50 

9.781916] — =| 10.218084| 10.067772| 57 9.932228] 49 
782201 ae 217799|  067849|}5,| 932151] 48 
782486] j72| 217514) 067925153) 932075] 47 
782771} 472| 217229) —068002/154| 931998] 46 
783056) 452| 216944) —068079|;53) 931921] 45 
783341] 472| 216659} 068155/15_} 931845] 44 
783626 ey 216374} 068232))53| 931768] 43 
783910] 774] 216090) — 0683091;54| 931691) 42 
784195 wep 215805{  068386])59) 931614] 41 
784479) 407) 215521|  068463])5,| 931537] 40 

9.784764|—F>7| 10.215236) 10.068540| 755] 9.931460] 39 
785048) 4-4] 214952] 068617])56| 931383] 38 
785332 ao 214668) 068694],53) 931306] 37 
785616) 475] 214384) 068771])99| 931229] 36 
785900) 453} 214100) 068848};59| 931152] 35 
786184) 4-3} 213816] —068925}159| 931075) 34 
786468) 473] 213532) 0690021159 930998] 33 
786752] 475] 213248) 069079} 59| 930921] 32 
787036] 473} 212964) 069157},55| 930843} 31 
787319] 455] 212681] 069234] 59] 930766] 30 

9.787603|—Fr9] 10.212397| 10.069312|755 9.930688] 29 
787886| 475] 212114] —069389},55| 930611] 28 
788170] 475] 211830) 069467],55| 930533] 27 
788453] 475| 211547] 069544])55| 930456] 26 
788736 yes 211264) — 069622|155| 930378] 25 
789019] 475] 210981) —069700],45| 930300] 24 
789302] 44| 210698) 069777},35| 930223) 23 
789585) 454] 210415] 069855])35] 930145] 29 
789868} 471] 210132} —069933})55| 930067] 21 
790151) 473; 209849} 070011))35| 929989] 20 

9.790433|—77| 10.209567] 10.070089|735| 9.929911} 19 
790716] 4-1] 209284) 070167},55| 929833] 18 
790999} 4455| . 209001) 070245))5| 929755] 17 
791281} 4-5] + 208719} — 070323|,5,) 929677] 16 
791563} 479] , 208437) 070401),55| 929599] 15 
791846) 479] 208154) 070479},35| 929521) 14 
792128] 44-5} 207872|  070558))35| 929442] 13 
792410) 479] 207590] 070636|,55| 929364] 12 
792692} 47] 207308) 070714|)35| 929286} 11 
792974} 479] 207026} _070793/;5,| 929207] 10 

9.79325 6|—775| 10.206744) 10.070871| 747] 9.929129] 9 
793538) 4eo| 206462) —070950],3)| 929050] 8 
793819) geo} 206181; 071028);3,| 928972] 7 
794101] eo} 205899{ 071107|;3,| 928893] 6 
794383] 4yeo| 205617] 071185|,)3,| 928815] 5 
794664] 4eo| 205336] 071264|)55| 928736] 4 
794945) geo} 205055 071343/)55| 928657] 3 
795227) jeo|  204773| 071422[)5)| 928578] 2 
795508] yea} 204492) 071501},3;| 928499} 1 
795789 204211{ 071580 928420] 6 

| Tang. | Cosec. | | Sine. [7 


a 


Seed Ses Be REE Ss i 9 Sh 


1 9.724210 
724412 
724614 
724816 
725017 
725219 
725420 
725622 
725823 
726024 
726225 


337 
337 
336 
336 
336 
336 
335 
335 
335 
335 
335 


| 9.726426|—a5, 


726626 
726827 
727027 
727228 
727428 
727628 
727828 
728027 
728227 


~211°9.728427 


~411-9.732390 


“51)-9.734353|——— 


728626 
728825 
729024 
729223 
729422 
729621 
729820 
730018 
730216 


334 
334 
334 
334 
334 
333 
333 


| 9.730415|—aa5 


730613 
730811 
731009 
731206 
731404 
731602 
731799 
731996 
732193 


732987 
732784 
732980 
733177 
733373 
733569 
733765 
733961 
734157 


734549 
734744 
734939 
739135 
735330 
735525 
735719 
735914 
736109 


{ Cosine. | 


579 


TABLE VI. 


(32°) Logarithmic Sines. 


Sine. | D. | Cosec. | Tang. | D. | Cotang. | Secant. | D.| Cosine. 
468| 10.204211 10.071580 


10.275790 
275588 
275386 
275184 
274983 
274781 
274580 
274378 
274177 
273976 
273775 
273974 
273374 
273173 
272973 
272772 


272572}. 


272372 
272172 
271973 
271773 


271573 
271374 
271175 
270976 
270777 
270578 
270379 
270180 
269982 
269784 


10.269585 
269387 
269189 
268991 
268794 
268596 
268398 
268201 
268004 
267807 


) (ee ae eS 
— Roa 10.267610 


267413 
267216 
267020 
266823 
266627 
266431 
266235 
266039 
265843 


10,265647 


265451 
265256 
265061 
264865 
264670 
264475 
264281 
264086 
263891 


9.795789 
796070 
796351 
796632 
796913 
797194 
797475 
797755 
798036 
798316 


468 
468 
468 
468 
468 
468 
468 
467 
467 


798596 467 


9.798877 


799157 
799437 
799717 
799997 
800277 
800557 
800836 
801116 


467 
467 
467 
467 
466 
466 
466 
466 
466 


801396 466 


9.801675 


801955 
802234 
802513 
802792 
803072 
803351 
803630 
803908 
804187 


9.804466 


804745 
805023 
805302 
805580 
805859 
806137 
806415 
806693 
806971 


9.807249 


807527 
807805 
808083 
808361 
808638 
808916 
809193 
809471 
809748 


810302 
810580 
810857 
811134 
811410 
811687 
811964 
812241 
812517 


466 
466 
465 
465 
465 
465 
465 
465 
465 
465 


464 
464 
464 
464 
464 
464 
464 
463 
463 


463 
463 
463 
463 
463 
462 
462 
462 
462 


9.810025|- 4, 


| Secant. | Cotang. | 


203930 


10.201123 


10.198325 


10.195534 


463 
10.192751 


071658 


10.072451|———| 9.927549) 49 


072530|22 
072610|133 
072690 
072769| 19 
072849 
072929) 733 
073009|3° 
073089] 733 
073169|;3 


10.073249|——-| 9.926751] 39 


133 
073329 
073409|193 


133 
073489) 734 


‘TABLE VI. 123 
Tangents and Secants. (33°) 


| Tang. | D.| Cotang. | Secant. | D.| Cosine. | 
10.263891) 9.812517 46] 10,187483] 10.076409 137 9.923591 
812794 46) 076491 137 923509 
813070 46] 076573 137 923427 
o 813347] 40 5197) 993345 
813623 923263 

323 460 
393 813899 460 / 7 923181 
393 814175 460 076902 137 923098 
393 814452 460 076984 137 923016 
399 814728 460 077067 7 922933 
815004 460 077149 137 922851 
815279 460 077232 922768 


| 9.815555 “459 10.184445] 10.077314 138 9.922686 
| 815831 459 e077 387 138 922603 
816107 459 077480 138 922520 
816382 459 077562 922438 
816658 459 077645 138 922355 
816933 459 077728 138 922272 
817209 459 077811 38 922189 
817484 459 077894 138 922106 
817759 459 077977 138 922023 
818035 458 | 078060 138 921940 


| 9.818310) Ge3 
818585 458 | 078226 39 921774 
818860 458 078309 139 921691 
819135 458 078393 139 921607} 
. 819410 458 078476 139 921524} ; 
819684 458 078559 139 92144] 
819959 458 078643) 59 921357 
820234 458 078726). < 921274 
820508 457 ‘ : 921190 
318 820783 457 139 921107 


31] 9.742080|—a75 9.821057 |-g5z| 10.178943} 10.078977|, | 9.921023] 29 
32| 742271 821332| 4>-| 178668} 079061],-| 920939 
| 821606] 42> 394) 079144|,"4| 920856 
821880] 427 | 079228),75| 920772 
822154 | 079312 920688 
: 457 
822429] jay 


324 
324 
324 


| 979396 920604 
822703] 4n0 | 079480 920520 


va! 079564 MG 920436 
me | 079648/)/5| 920352 
=e 10.1762 : 10 ae 140 coin “19 
———110.176202 10. | 9.6 

ne | 079901 ve 920099 
ak 079985 149| 220015 
aie 080069] 17,| 919931 

re. 080154/775| 919846 
re: 080238) )75| 919762 
ae 980323] )73)| 919677 

fe 080407|)7)/ 919593 

ei: 080492|7/,| 919508 
i | 080576),7;|_ 919424 


10.254129] 9.826532 “455 9.919339 
253941} 826805 455 919254 
253752} 827078 . | 919169 
253564; 827351 ,, 919085 
253376] 827624 i} 919000 
253188] 827897 2103} 918915 
253001) 828170 lazgl 918830 
252813) 828442 7 918745 
252626, 828715 081341 149 918659 
252438} 828987 013. 081426)" "| 918574 


Secant. | Cotang. | 


822977 
823250 
823524 


| 9.823798)- 
824072 
824345 
824619 
824893 
825166 
825439 
825713 
825986 
826259 


TABLE VI. 
(34°) | Logarithmic Sines, 


Cosec. | Tang. | D. | Cotang. | Secant. | D.| Cosine. | — |: 


0} 9.747562 312 10.252438} 9.828987 454 10.171013] 10.081426 142| 9918574 60 
ly 747749 312 252251] 829260 454| 170740 081511 142} 918489} 59) 
21 747936 312 252064} 829532 454 170468 081596)) 49 918404] 58 
3} 748123 311 251877} 829805 454 170195 081682 142 918318} 57 
4} 748310 311 251690} 830077 454 1699231 081767 142 918233] 56 
Of 748497 311 251503} 830349 453 169651 081853 142 918147] 55 
6} 748683 31] 251317] 830621 453 169379} 081938 149 918062} 54 
7| 748870 311 251130! 830893 453 169107} 082024 143 917976} 53 
8] 749056 310 2509441 831165 453 168835 082109 143 917891} 52 
9} 749243 310 250757) 831437 453 168563} 082195 143 917805] 51 
10) 749429 310 250571) 831709 453 168291 082281 143 917719 50 
11] 9.749615 310 10.250385} 9.631981 "453 10.1680193 10.082366/ 775 9.917634] 49 
749801 310 250199} 832253 “453 167747 082452 143 917548} 48 
2 082538 143 917462} 47 
750172 249828] 832796 452 167204} 082624 143 917376} 46 


i Oe ve 309 : Ret 


16} 750543 


082710 143 917290 
082796 143 917204 


249457] 833339) 459 166661 


17] 750729 ane 249271] 833611] 455| 166389) 082882), ,4| 917118) 43 
18} 750914] Soa] 249086] 833882! 455) 166118] 082968), 44) 917032] 42 
19} 751099} Sg] 248901! 834154] 455) 165846) 083054)) 44; 916946) 41 
20) 751284) 3qq) 248716] 834425) 455) 165575) 083141), 44) 916859) 40 


10.248531| 9.834696|-gz5| 10.165304] 10.083227|7 75] 9.916773 


“211 9.751469 


22] 751654) 308 834967| 425, 165033) 083313|,44| 916687] 38 
23] 751839] 308 835238| 42o| 1647621 083400|)44| 916600) 37 
24} 752023| 35° 835509| 42o| 164491] 083486|,44| 916514] 36 
25] 752208) 394 835780| 4>1| 164220] 083573/144| 916427] 3 
26] 752392| 307 836051] 423] 163949] 083659|144| 916341] 34 
27] 752576| 30 836322| 421] 163678| 083746]144| 916254] 33 
28] 752760| 304 836593| 4-1| 1634071 083833|145| 916167] 32 
29) 752944] 394 836864] 4°)| 163136] 083919|;4-| 916081] 31 


30} 753128 837134} 451 162866) 084006 145 915994 


i 1d 
12 
13] 749987 309 250013] 832525 453 167475) 
14 es 
15 
! 


31) 9.753312|--s5- 9.837405\ G5 | 10.162595| 10.084093};721’9.915907| 29 
32) 753495] 3 837675 45j| 162325] 084180); 4>| 915820} 28 
2 x .e 


| 33) 7536791 354 837946) 451; 162054] 084267], 42] 915733} 27 
34] 753862) 34. 838216] 45)| 161784] 084354/)4°1 915646] 26 
35) 754046] 355 838487| 4-5] 161513] 084441))45| 915559] 25 

| 36) 754229) So 838757) 429| 161243] 084528) 42] 915472] 24 
37) 754412) Soe 839027) 459] 1609731 084615]; 42| 915385} 23) 
38] 754595] Soe 839297] 4-9| 1607031 084703], 42] 915297] 22] 
39] 754778) Soy 839568] 42] 160432) 084790], 42| 915210} 21 
40] 754960] 304 839838} 4-5| 160162} 084877|;44| 915123] 20 
“A1) 9.755143|—35,| 10.244857] 9.840108)—7=5| 10.159892| 10.084965|;7a| 9.915035] 19 
421 755326] 34) 244674) 840378] 4°] 159622] 085052), 44) 914948] 18 
43) 755508| 3q,| 244492} 840647] 42q| 159353] 085140], 44} 914860) 17 
44) 755690] Sq4| 244310] 840917] 44] 159083] 085227], 44) 914773] 16 
45] 755872] 359] 244128] 841187] 445| 158813] 085315]; 44} 914685) 15 
46] 756054) 393] 243946] 841457] 449| 158543) 085402), 4,4] 914598] 14 
47) 756236) 353] 243764] 841726] 449] 158274| 085490|, 44] 914510) 13 
48] 756418| 353] 243582] 841996] 449] 158004] 085578]; 44) 914422) 12 
49] 756600] 353] 243400) 842266] 449] 157734] 085666/, 44) 914334] 11 


50} 756782 302 243218} 842535 449 157465 085754 147 914246} 


51) 9.756963 309! 10.243037] 9.842805 “449 10.157195 10.085842)775 9.914158} 9 
521 757144 309 242856) 843074 449 156926) 085930 147 914070} 8 
53) 757326 302 242674) 843343 449 156657 086018!) 4 913982} 7 
54) 757507 362 242493) 843612 449 156388 086106 147 913894] 6 
55} 757688 301 242312) 843842 448 156118 086194 147 913806] 5 
56] 757869 30] 242131} 844151 448 155849 086282 147 913718} 4 
57] 758050 30] 241950} 844420 448 155580] 086370 147| 913630 3 
58] 758230 30] 241770} 844689 448 1553il} 086459 913541], 2 
59] 758411 30] 241589) 844958 448 155042 086547 147 913453}, 1} 
60! 7585911 * 241409] 845227 154773] 086635 | 913365} 0 


| Cosine. | | Secant. | Cotang. | | Yang. | Cosec. | | Sine. [7 | 
55° 


EUSA ASA LR AD RL SR TRESS 


TABLE VI. 125 
Tangents and Secants. (35°) 
/ | Sine. | D. | Cosec. | Tang. | D. | Cotang. | Secant. | D.| Cosine. } 


019.758591}. 49) 10.241409] 9.845227) 4] 10.154773] 10.086635 147) 9:913365) 60 
1] 758772} 359] 241228] 845496) 77.0) 154504] 08h724), 47| 913276) 59 
2) 758952} 3o9| 241048) 845764) 710] 154236 986813) 549] 913187] 58 
3] 759132} 359| 240868) 846033) 475] 153967] 086901}, 70) 913099} 57 
4) 759312} Sof 240688] 846302) 445] 153698] 086990), 3] 913010} 56 
5} 759492) S45} 240508) 846570) 4 4-| 153430) 087078), 0) 912922] 55 
6] 759672) Soo} 240324) 846839) 44-| 153161) 087167], 0] 912833] 54 
7) 759852) 555} 240148) 847107} 4 4-| 152893) 087256), 1°} 912744) 53 
8} 760031} 555} 239969) 847376} 447} 152624) 087345), 1°] 912655] 52 
9} 760211} 555) 239789) 847644] 4 4-| 152356) 087434)) 7,0) 912566] 51 
10} 760390) 595] 239610] 847913) 445) 152087] 087523), 44) 912477] 50 
11} 9.760569|—{54| 10.23943 1} 9.848181|—77-| 10.151819) 10.087612| 74] 9.912388] 49 
12} 760748} 553} 239252) 848449] 4 4-} 151551] 087701), 5] 912299] 48 
13} 760927} 554] 239073} 848717) 44° 151283} 087790\),5| 912210) 47 
14} 761106) 553} 236894] 848986) 47°} 151014] 0878791745] 912121] 46 
15} 761285) 593] 238715) 849254 rv 150746] 087969}; 4) 912031} 45 
16} 761464) 554) 238536] 849522) 447 150478]  088058/)75) 911942) 44 
17] 761642} 5o7| 238358] 849790] 44] 150210] 088147}, 10) 911853] 43 
18} 761821} 55-| 238179} 850058) 446 149942] 088237]; 49] 911763] 42 
19} 761999} 595} 238001, 8503251 4 4- 149675] 088326]; 44) 911674] 41 
20] 762177| 5o5| 237823) 850593] 44, 149407] 088416|) 44] 911584} 40 
21) 9.762356|—595| 10.237644] 9.850861! 75 10.149139] 10.088505|775 9.911495] 39 
22) 762534) 554] 237466) 851129] 4, ,| 148871) 088595], 44) 911405] 38 
23) 762712) 554) 237288] 851396] 44, 148604]  088685|)-<5| 911315} 37 
24) 762889} Sog| 237111) 851664) 476) 148336) 088774172) 911226) 36 
25| 763067} Soe) 236933] 851931) 44, 148069} 088864) )75| 911136) 35 
26) 763245} oo4| 236755) 852199) 473) 147801] 088954), | 911046] 34 
27| 763422) 554] 236578) 852466] 44) 147534) 089044))25) 910956} 33 
28| 763600) 55,| 236400 852733) 447] 147267) 089134|)5| 910866) 32 
29| 763777 995 236223} 853001 ie 146999} 089224/,- | 910776) 31 
30] 763954 995 236046) 853268] 472) 146732) 089314 in 910686] 30 
31) 9.764131|—5o-| 10.235869] 9.853535|— = 10.146465} 10.089404/7=— 9.910596] 29 
32] 764308] 592| 235692) 853802) 717] 146198) 089494),7 9) 910506] 28 
33) 764485) 597) 235515} 854069) 77°) 145931) 089585))- | 910415) 27 
34] 764662) 55 ,| 235338] 854336) 472] 145664) 089675/)25| 910325] 26 
35] 764838} 55, 235162) 854603) 772) 145397] 089765/)-5| 910235] 25 
36} 765015} 55,| 234985) 854870 Bae 145130} 089856))-5| 910144) 24 
37) 765191 234809] 855137 1448631 089946 910054] 23 


445 


381 765367| 224) 234633] 855404 144596] 090037|,25| 909963] 22 


39] 765544 a 234456] 855671 ant 144329) 090127|;°5] 909873] 21 
40) 765720] 393] 234280] 855938] 444| 144062] 090218|;?1| 909782 20 
41) 9.765896|—5-| 10.234104| 9.856204| | 10.143796| 10.090309|;=5| 9.909691] 19 
42} 766072| 593} 233928) 856471] 444| 1435291 090399/121| 909601] 18 
43 766247| 593) 233753] 856737) 474| 143263) 090490|)2)| 909510] 17 
44] 766423| 293| 933577] 857004] 444] 142996] 090581|?)| 909419] 16 
45] 766598| 523| 233402 857270] 444| 1427301 0906721195] 909328] 15 
46| 766774| 59.| 233226) 857537| 47;| 142463[ 090763/)25] 9092371 14 
47| 766949] 55] 233051) 857803] 477} 142197] 090854/)°5| 909146 13 
48| 767124) 55] 232876] ssso69| 474} 1419311 090945/)25) 909055] 12 
49} 767300] 5?3| 232700, 858336] 474| 141664 091036);25] 908964) 11 
50) 767475| 30°| 232525) 858602) 445] 141398] _091127|)25| 908873) 10 
51} 9.767649|—,, || 10.232351) 9.858868] | 10.141133] 10.091219|;=5| 9.908781) 9 
52} 767824) 391} 232176) 859134] 445] 140866) 091310|)25| 908690] 8 
53} 767999| 301] 232001] 859400) 475] 140600] o91401|;25] 908599] 7 
54) 762173) 501| 231827| 859666) 443| 140334) 091493] 725] 908507] 6 
55] 768348] 57°} 231652| 859932| 445] 140068] o91584/753| gosd16] 5 
56) 768522} 30)| 231478] 860198] 713) 1398021 091676) 153] 908324) 4 
57) 768697] 200) 231303] 860464] 475] 139536 091767|125] 908233] 3 
58] 768871) 59)| 231129) 860730) 445) 139270] 091859/725] gosl4i] 2 
59} 769045] 595) 230955] 860995] 445] 139005} 091951/775] 908049] I 
60] 769219 9307811 861261] 44°} 138739! 092042 9079581 0 


| Cosine. | | Secant. | Cotang. | | Tang. | Cosec. | | Sine. | 
—§4° 


E 


126 TABLE VI. 
(36°) Logarithmic Sines. 
/ | Sine. | D. | Cosec. | Tang. | D.| Cotang. | Secant. [D. | Cosine. 


9.769219 290 10.230781] 9.861261 
769393 989 230607] 861527 
769566 289 : 861792 
769740 289 : 862058 
769913 289 862323 
770087 289 862589 
770260 988 862854 
770433 288 863119 
770606 288 ; 863385 
770779 288 863650 
770952 863915 


APs eal, 208 ee 
| 9.771125) Se 9.864180|/—45 
771298 987 864445 
771470 287 864710 
771643 287 864975 
771815 287 865240 
771987 287 865505 
772159 287 865770 
772331 286 866035 
772503 286 866300 
772675 866564 


et sat oO rest Ra 

| 9.772847 aoe 9.866829|—47 
| 773018 236 867094 
773190 236 867358 
773361 285 867623 
773533 28h 867887 
773704 285 } 868152 
773875 285 868416 
774046 285 868680 
774217 285 868945 
774388 284 869209 


31] 9.774558|—5a, §.869473|—— 
774729| 504 869737 
774899| 7% 870001 

hs 284 
775070 284 
775240 
he 284 
775410 383 
775580| 503 
775750) 565 
775920| 3os 
776090 ( 871849 


ibe | 283 oes aoe 
| 9.776259|—5 5 9.872112|—.- 
776429| 565 872376 
776598) Sa5 872640 
776768) oa9 32] 872903 
776937) Seo) 2 873167 
777106| Seo] 222894] 873430 
777275) 5o)| 222725] 873694 
777444) 56)| 222556] 873957 
777613) 59)| 222387| 874220 
777781 222219] 874484 


el POR MA ES AES eid MO al PIF Ye) ON Mle Acded a FP Sec 
| 9.777950| gaz" 10.222050] 9.874747|— | 10.125253| 10.096797 |r 
7781191) oe, 875010 124990] 096892 
778287| 560 875273| “o2| 124727 
778455) 599 875536 124464 
778624} 56, 376] 875800] 4 124200 
2 876063] 75,| 123937 


SOON OO KRONE SO 


778960| 38 876326) 495] 123674 
779128) 58 876589 123411 
779295| So 876851| 438} 193149 
779463 2 877114 122886 


| 


53° 


TABLE VI. 127 
Tangents and Secants, (37°) 

‘| Sine. | D. | Cosec. | Tang. | D.| Cotang. | Secant. | D.| Cosine. | 
0] 9.779463] 579) 10.220537) 9.877114) | 10.122886] 10.097651) 
1] 279631} 579] 220369) 877377) 434) 122623) 097747) ° 
2) 779798) 579) 220202) 877640] 730| 122360, 097842] 2° 
3] 779966] 579) 220034) 877903) 730) 122097] 097937) 2° 
4} 780133} 579] 219867) 878165) 450) 121835} 098033 iho 
5] 780300} 57,| 219700] 878428) 735) 121572] 098128) °° 
6] 780467| 57) 219533) 878691) 450| 121309} 098224) °° 
7] 780634) 579] 219366] 878953) 457] 121047) 098319/)°% 
8] 780801} 57,| 219199 879216) 40°) 120784) 098415) 2° 
9] 780968} 574] 219032) 879478] 45°) 120522) 098510) 2° 

10] 781134} 57] 218866) §79741] 43°} 120259] 098606), °- 

11) 9.781301|—575| 10.218699} 9.880003 10.119997| 10.098702|-—-| 9. 

12} 781468] 557] 218532| 880265) 73°} 119735] 098798), 

13] 781634] 5-,| 218366] 880528] 7°) 119472) 098894) 0 

14] 781800 ery 218200] 880790] 43°} 119210) 098990), 

15] 781966] 555] 218934} 881052] 75°] 118948] 099086}, 

16] 782132] 5-7] 217868] 881314] 75°] 118686] 099182), 

17] 782298] 576} 217702) 881576] 45°} 118424) 099278), 7 

18} 782464] 94] 217536] 881839] 75°) 118161] 099374] 0 

19} 782630] 574] 217370} 882101] 45°] 117899] 099471} 

20) 782796] 57¢|_ 217204) 882363) 457) 117637) 099567/, 

21} 9.782961 |—5z¢| 10.217039] 9.882625|— =| 10.117375] 10.099663| 

22) 783127| 57¢| 216873{ 882887| 73 °| 117113} 099760], 

231 783292 275 216708! 883148 436 116852 099856 161 

24) 783458] 575| 216542) 883410] 73°) 116590} 099953), — 

25) 783623] 555| 216377) 883672] 43°) 116328] 100049), 7 

26] 783768] 572} 216212} 883934) 12°] 116066] 100146), - 

27| 783953} o72| 216047) 884196] 75°} 115804) 100243) 7 

28) 784118} 572| 215882] 884457] 73} 115543) 100340], 

29} 784282| 554) 215718) 884719 75°) 115281] 100436), 7 

30} 784447) 954) 215553) 884980) 72.) 115020100533); - 

31) 9.784612|—5>, 10.215388] 9.885242|—— 10.114758} 10.100630)-= 

32] 784776) 554) 215224) 885503) 45°] 114497) 100727), 2 

33) 784941] 524| 215059) 885765) 75 | = 114235] 100824) 

34] 785105 O74 214895} 886026 436 113974 100922 162 

35} 785269) 575, 214731) 886288] 45°] 113712} 101019), 

36) 785433| 573) 214567) 886549) 75 .| 113451{ 101116} 

37) 785597} 573| 214403} 886810] 42°} 113190} 101213], 6° 

38] 785761} 575] 214239] 887072) 4°| 112928) 101311), 0 

39] 785925} 553] 214075) 887333] 45°} 112667} 101408); 

40) 786089} 573| 213911} 887594) 45°} 112406) 101506), 

41) 9.786252|—5>5| 10.213748}) 9.887855)—, =| 10.112145] 10.101603) 755 

42) 786416] 575} 213584) 888116] 73-| 111884] 101701}, 4. 

43) 786579 279 213421] 888377 135 111623} 101798 163 

44) 786742] 575| 213258) 888639] 73.) 111361] 101896), 33 

45] 786906] 575| 213094] 888900] 72-] 111100] 101994} 7 

46] 787069] 575| 212931) 889160] 73.) 110840] 102092), 6. 

47) 787232) 5,5| 212768] 889421] 73°) 110579] 102190, 6 

48) 787395| 57)| 212605) 889682 oe 110318} 102288}; -. 

49) 787557| 5-)| 212443) 889943) 45°] 110057/ 102386), 6 

50] 787720 971 212280} 890204 434 109796] 102484 163 

51} 9.787883|—,-,| 10.212117} 9.890465|—75;| 10.109535] 10.102582| 7 

52] 788045 211955] 890725] 454) 109275] 102680); 4 

53! 78208] 221! 211792] 890986 t34| 109014] 102778/1 84 

541 798370| 271) 911630] 891247 434, 108753) 102877), 64 

55] 799532| 729] 9114681 891507 434| 108493] 102975), ¢ 

56) 788694 he 211306} 891768] {34| 1082321 103074/) 44 

57] 788856 ah 211144) 892028] 454) 107972) 103172!) 64 

58} 789018] 5,5| 210982) 892289] 454] 107711) 103271), 64 

59} 789180) 575] 210820) 892549] 454/ 107451) 103369} 64 

60) 789342 ~ 2106581 892810 107190] 103468 

| Cosine. | | Secant. | Cotang. | | Tang. | Cosec. | 


Sa Ss Be 


0 
2 
3 
4 
5 
6 
7 
8 
9 
0 


1 


1 


——_ 


11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


“21 


22 
23 


9.789342 
789504 
789665 
789827 
789988 
790149 
790310 
790471 
790632 
790793 
790954 


9.791115 
791275 
791436 
791596 
791757 
791917 
792077 
792237 
792397 
792557 


792716 
792876 
793035 
793195 
793354 
793514 
793673 
793832 
793991 
794150 


311 9.794308 


794467 
794626 
794784 
794942 
795101 
795259 
795417 
795575 
795733 


“41| 9.795891 


796049 
796206 
796364 
796521 
796679 
796836 
796992 
797150 
797307 


269 
269 
269 
269 
269 
269 
268 
268 
268 
268 
268 
268 
267 
267 
267 
267 
267 
267 
266 
266 
266 
266 
266 
266 
265 
265 
265 
265 
265 
265 
264 
264 
264 
264 
264 
264 
264 
263 
263 
263 
263 


TABLE VI,° 
(38°). Logarithmic Sines. : 


10.210658 
210496 
210335 
210173 
210012 
209851 
209690 
209529 
209368 
209207 
209046 


.208885 
208725 
208564 
208404 
208243 
208083 
207923 
207763 
207603 
207443 


207284 


206965 
206805 
206646 
206486 
206327 
206168 
206009 
205850 


10.205692 
205533 
205374 
205216 
205058 
204899 
204741 
204583 
204425 
204267 


—Sera| 10.204109 


"511 9.797464|——— 


797621 
197777 
797934 
798091 
798247 
798403 
798560 
798716 
798872 
| Cosine. | 


203951 
203794 
203636 
203479 
203321 
203164 
203007 
202850 
202693 
10.202536 
202379 
202223 
202066 
201909 
201753 
201597 
201440 
201284 
201128 


| Secant. | Cotang. | 


9.892810} ° 


893070 
893331 
893591 
893851 
894111 
894371 
894632 
894892 
895152 
895412 


9:895672\- oa 


895932 
896192 
896452 
896712 
896971 
897231 
897491 
897751 
898010 


9.898270| 55 
207124 


898530 
898789 
699049 
899308 
899568 
899827 
960086 
900346 
900605 


9.900864! a5 


901124 
901383 
901642 
901901 
902160 
902419 
902679 
902938 
903197 


9.903455| 747 


903714 
903973 
904232 
90449) 
904750 
905008 
905267 
905526 
905784 
9.906043 
906302 
906560 
906819 
907077 
907336 
907594 
907852 
908111 
908369 


10.104557|-— 
~ | 166 
104657 166 


Facol tas 


107060 
107161|} 0, 
107261| Re 
| 1073621) 69 
3] 107464), 23 


Liv SUES Se Bera 
10.093957} 10.108579 170 


093698 108681 


9.895443] 49 
895343 


Ih MAI to RED ON ha ts PEO OO PE a oi 


TABLE VI. 


129 


Tangents and Secants. (39°) 
‘| Sine. D. | Cosec. | Tang. | D. | Cotang. |. Secant.|D.| Cosine. | 
0) 9.798872 260 10.201128] 9.908369 430 10.091631} 10.109497 170 9.890503} 60 
; lj 799028 260 200972} 908628 430 091372 109600 in 890400] 59 
| 21 799184 260 200816} 908886 430 091114 109702 17] 890298} 58 
3] 799339 259 200661} 909144 430 090856 109805 17] 890195] 57 
| 41 799495 259 200505] 909402 430 090598 109907 17] 890093] 56 
5} 799651 259 200349} 909660 430 090340 110010 17] 889990} 55 
6] 799806 259 200194] 909918 430 090082 110112 17] 889888} 54 
| 7 799962 259 200038} 910177 430 089823 110215 17] 889785} 53 
8} 800117 259 199883} 910435 430 089565 110318 Hi 889682] 52 
9} 800272 258 199728} 910693 430 089307 110421 17] 889579] 51 
10] 800427 25 199573] 910951 430 089049 110523 171 889477} 50 
11 9.800582)—s5 8 10.199418] 9.911209 130 10.088791 10.110626)775 9.889374] 49 
800737 258 199263} 911467 430 088533 110729 is 889271} 48 
800892 258 199108} 911724 430 088276 110832 172 889168] 47 
801047 258 198953} 911982 430 088018 110936 55 889064] 46 
801201 258 198799} 912240 430 087760 111039 172 888961} 45 
801356 257 198644] 912498 430 087502 111142 172 888858} 44 
801511 257 198489} 912756 430 087244 111245 179 888755] 43 
801665 257 198335] 913014 499 086986 111349 172 888651} 42 
801819 257 198181} 913271 429 086729 111452 172 888548} 41 
$01973 257 198027} 913529 429 086471 111556]: ee 888444} 40 
21 9.802128) >> 10.197872] 9.913787 “429 10.086213] 10.111659 173 9.888341] 39 
802282 256 197718} 914044 429 085956 111763 173 888237} 38 
802436 256 197564] 914302 429 085698 111866 173 888134] 37 
802589 56 197411} 914560 429 085440 111970 173 888030} 36 
25). 802743 56 197257{ 914817 429 085183 112074 173 887926} 35 
802897 256 197103} 915075 429 084925 112178 173 887822} 34 
803050 256 196950] 915332 429 084668 112282 173 887718} 33 
803204 256 196796} 915590 429 084410 112386 173 887614] 32 
. 803357 255 196643} 915847 429 084153 112490 173 887510) 31 
803511 255 196489} 916104 429 083896 112594 174 887406} 30 
31}.9.803664 “355 10.196336] 9.916362 429 -10.083638} 10.112698 174 9.887302] 29 
803817 pi 196183] 916619 429 083381 112802 174 887198} 28 
803970 O55 196030] 916877 429 083123 112907 174 887093} 27 
804123 255 195877) 917134 429 082866 113011 174 886989] 26 
804276 254 195724] 917391 429 082609 113115 174 886885] 25 
804428 254 195572} 917648 429 082352 113220 174 886780} 24 
804581 254 195419} 917905 429 082095 113324 174 886676] 23 
804734 254 195266] 918163 428 081837 113429 174 886571] 22 
804886 254 195114] 918420 428 081580 113534 174 886466} 21 
805039 254 194961] 918677 428 081323 113638 175 886362} 20 
4] 9.805191)|—5-7 10.194809] 9.918934 “428 10.081066 10.113743)775 9.886257} 19) 
42} 805343 253 194657} 919191 428 080809 113848 175 886152] 18 
43} 805495 253 194505] 919448 428 080552 113953 175 886047] 17 
44) 805647 253 194353} 919705 428 080295 114058 175 885942} 16 
45} 805799 253 194201} 919962 428 080038 114163 175 885837} 15 
46} 805951 253 194049} 920219 428 079781 114268 175 885732} 14 
47) 806103 253 193897} 920476 428 079524 114373 175 885627} 13 
48] 806254 253 193746] 920733 498 079267 114478 175 885522) 12 
491 806406 259 193594} 920990 428 079010 114584 175 885416} 11 
50] 806557 259 193443] 921247 28 078753 __ 114689 176 885311 | 10 
51 9.806709! 55 10.193291 9.921503)758 10.078497} 10.114795 176 9.885205} 9 
52] 806860 259 193140} 921760 428 078240 114900 176 885100] 8 
53] 807011 259 192989} 922017 428 077983 115006 176 884994] 7 
54] 807163 59 192837] 922274 428 077726} | 115111 176 884889] 6 
55] 807314 252 192686} 922530 428 077470] =, 115217 176 884783} 5 
56] 807465 25) 192535] 922787 428 077213) =; 115323 176 884677] 4 
57] 807615 251 192385] 923044 428 076956 115428 176 884572} 3 
58] 807766 25) 192234] 923300 428 076700} j 115534 176 884466] 2 
59{ 807917 251 192083} 923557 427 076443 115640 176 884360} 1 
60] 808067 1919331 9238131 ““‘| 076187 115746 884254] 0 
Cosine. | Secant. | Cotang.| | Tang. | Cosec. | | Sine. | / 
50° 


2K 


re) 


130 TABLE VI. 
(40°) Logarithmic Sines. 
) 7) Sine. fi De Cosec. | Tang. | D. | Cotang. | Secant. | D.| Cosine, | 


0 9.808067) 51 10.191933] 9.923813 427 10.076187) 10.115746 177 9.884254] 60 
1] 808218) 5.) 191782) 924070 427 115852 177 884148) 59 
2} 808368 25] 191632) 924327 427 115958 177 884042) 58 
3} 808519) 559 191481] 924583 427 116064 177 883936] 57 
4j 808669 50 191331} 924840 427 116171 177 883829] 56 
5} 808819) 559 191181} 925096 427 116277 177 883723] 55 
6] 3808969) 5-4 191031} 925352 427 116383 177 883617] 54 
71 809119 250 190881} 925609 427 116490 177 883510] 53 
8] 809269) 5-6 190731} 925865 427 116596 177 883404] 52 
9} 809419 249 190581] 926122 427 116703 178 883297} 51 
10} 809569) 549 190431} 926378 497 116809 178 883191 _90 
3a 9.809718) G79] 10.190282) 9.926634) 57 10.116916)758 9.883084] 49 
12} 809868 249 190132} 926890 497 117023 178] 882977| 48 
12) 810017 249 189983] 927147 427 117129 178 882871] 47 
| 14) 810167 249 189833] 927403 427 117236 178 882764} 46 
15} 810316 248 189684} 927659 427 117343 178 882657] 45 
16} 810465 248 189535} 927915 497 117450 882550] 44 


~|178 : 
117557 178 882443] 43 


117664 179 882336] 42 
117771 179 882229} 41 
117879},~4| 882121} 40 


7p 


10.117986|;79| 9-882014] 39 
118093])74| 881907] 38 
118201|;79| 881799} 37 
118308]}79| 881692] 36] 
118416])59] 881584] 35 
118523];59| 881477] 34 
118631];59]} 881369] 33 
118739]; g0| 881261) 32 
118847]; 39| 881153} 31 
118954|} g9| 881046} 30 


10.119062| 5] 9.880938] 29 
119170|;.39| 880830] 28 
119278|; 39] 880722] 27 
119387|; 39] 880613] 26 
119495]; 35] 880505] 25 
119603] ;gq| 880397] 24 
119711|;4,| 880289] 23 
119820|;¢5| 880180} 22 
119928|;)| 880072] 21 
120037|;;| 879963] 20 

| 10.120145),7| 9.879855] 19 
120254], 45] 879746) 18 


17} 810614 48 189386] 928171 427 
18] 810763) 548 189237] 928427 497 
19} 810912 248 189088} 928683) 4o% 
207 811061) 948 188939] 928940 497 


21 9.811210|—54¢| 10.188790] 9.929196| G57 
22] 811358] 547] 188642) 929452) 454 
23] 811507] 54,| 188493} 929708] 45, 
24) 811655) 547] 188345} 929964] jo. 
25] 811804] 54,| 188196] 930220) jo¢ 
26] 811952] 545) 188048} 930475] 4o¢ 
27) 812100} 54,| 187900} 930731} 456 
28] 812248] 545] 187752] 930987) 46 
29] 812396] oye] 187604] 931243] jog 
30] 812544] 54g] 187456] 931499) 456 


31] 9.812692| —5,,| 10.187308| 9.931755| g5¢ 
32] 812840] 546] 187160] 932010} 456! 
33] 812988] 544 187012] 932266) 456 
34] 813135] S4g| 186865] 932522) 46 
35] 813283] 54¢| 186717] 932778] 4o¢ 
36] 813430] o45] 186570) 933033). 4og 
37] 813578] 545| 186422] 933289) 4o¢ 
38] 813725] 542| 186275] 933545] 4o¢ 
39] 813872] 54:| 186128] 933800] 4o¢ 
40} 814019] 42] 185981] 934056] 456 


“All 9.814166 —Baq| 10-185834] 9.934311] Gag 
42] 814313] 5,,| 185687] 934567] jog 


43) 814460] 544) 185540} 934823) jo¢ 120363];9)| 879637) 17) 
44) 814607) 544| 185393] 935078) 4o¢ 120471}; 93} 879529] 16} 
45} 814753) 544) 185247] 935333) 4o¢ 120580); 9)| 879420) 15). 


46) 814900 244 185100} 935589 496 


120689}, 43} 879311} 14) 
47} 815046] 4 184954] 935844] j5¢ 


120798 189 879202] 13]. 


48} 8151931 54,| 184807] 936100] 456 120907|;25| 879093] 12) 
49} 815339] 544] 184661] 936355] 456 121016], 45} 878984] 11 

50] 815485] 543} 184515] 936610] jo, 121125];,5| 878875] 10) 
51} 9.815632|— 974] 10.1284368| 9.936866] 5. 10.121234| 725] 9.878766] 9) 
52] 815778] 545] 184222) 937121] joe 121344]; 95] 878656] 8) 
53} 815924) 543) 184076} 937376) 45. 121453}, 95) 878547] 7}. 
54] 816069] 543] 183931] 937632] 45. 121562|) 25] 878438) 6] 
55] 816215] 543| 183785] 937887] 45. 121672}; 65] 878328] 5 

56] 16361 543| 183639] 938142] 45. 121781], 93] 878219] 4) 
57) 816507| S4| 183493] 938398] 4° 121891|;83| 878109} 3] 
58] 816652} 5,5] 183348] 938653 ype 122001 ioe 877999] 2] 
59] 816798] 545| 183202] 938908] 45. 122110], 3) 877890) |. 
60! 816943 1830571 939163 122220|183|  g777g0l ol} 
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9.816943 
1 817088 
817233 
817379 
817524 
817668) 
817813 
817958 
818103 
818247 
818392 


818681 
818825 
818969 
819113 
819257 
819401 
819545 
819689 
819832 


820120 
820263 
820406 
820550 
820693 
820836 
820979 
821122 
821265 


821550 
821693 
821835 
821977 
822120 
822262 
822404 
822546 
822688 


9.822830 
822972 
823114 
823255 
823397] 
823539| 
823680 
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823963 
824104 
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TABLE VI. 


Tangents and Secants. (41°) 
Cosec. | Tang. | D. | Cotang. | Secant. | D.| Cosine. |. 
1.183057] 9.939163} ,5-| 10.060837] 10.122220), -21 9.877780 
182912] 939418) 15° 060582] 122330|,03| 877670 
182767] 939673] 45°] 060327] 122440| 89) 877560 
182621] 939928] 75°} 060072] 122550|; 5°! 877450 
182476] 940183] 452] 059817| 122660), 03) 877340) 
182332] 940438] 452 059562] 122770/,0.| 877230 
182187] 940694] 752] 059306] 122880/,04| 877120 
182042] 940949] 152| 059051] —122990/, 341 877010 
181897] 941204] {5°} 058796] 123101|;9;] 876899 
181753) 941458] 45>] 058542] 123211}; 94] 876789 
181608} 941714] 452| 058286] 123322), 07] 876678 
10.181464} 9.941968|-—75=| 10.058032} 10.123432| 77] 9.876568 
181319] 942223] 452| 057777] 123543/, 07) 876457 
181175] 942478] 455| 057522] 123653/,0,] 876347 
181031] 942733] 45,| 057267] 128764|;0-| 876236 
180887] 942988] 452] 057012] 123875|)°| 876125 
180743] 943243] 452] 056757) 123986/;5°| 876014 
180599] 943498] 452) 056502] 124096, 0°] 875904 
180455] 943752] 452] 056248) 124207/) 0°) 875793 
180311{ 944007} 452] 055993] 124318|, 0°] 875682 
180168} 944262] 452} 055738] 124429), 0°) 875571 
1.180024} 9.944517/—7>=| 10055483] 10.124541)->-) 9.875459 
179880} 944771] 454] 055229) 124652/ 0°] 875348 
179737| 945026] 454; 054974] 124763))2°| 875237 
179594] 945281] 454] 054719) 124874) 0°] 875126 
179450] 945535] 45,| 054465] 124986), 07| 875014 
179307) 945790] 454} 054210] 125097|,¢ | 874903 
179164) 946045) 454) 053955} 125209); 92) 874791 
179021} 946299] 45;| 053701] 125320], 28} 874680 
178878] 946554] 754| 953446] 125432/ 9°! 874568 
178735] 946808] 454| 053192] 125544/ 0°} 874456 
10.178593) 9.947063|—j54| 10.052937} 10.125656|;> | 9.874344 
178450] 947318] 454) 052682] 125768/).7| 874239 
178307} 947572} yo4| 052428] 125879), 0°) 874122 
178165] 947826] 45,| 052174) 125991], 6°] 874009 
178023} 948081) 454] 051919) 126104),2°] 873896 
177880) 948336] 454] 051664) 126216), .°| 873784 
177738] 948590] 94] 051410} 126328), 0°) 873672 
177596| 948844] 454) 051156] 126440], 5°) 873560 
177454] 949099] o4| 050901] 126552), ¢°| 873448 
177312| 949353) go4|__050647| 126665] 0°) 873335 
10.177170| 9.949607|—75,| 10.050393} 10.126777| | 9.873223 
177028} 949862] 45,| 050138] 126890), 46) 873110 
176886} 950116] 45,| 049884) 127002], 20) 872998 
176745] 950370) 45,| 049630] 127115], 20) 872885 
176603] 950625] 45,| 049375] 127928), 00| 872772 
176461] 950879] “75,| 049121] 127341), 26] 872659 
176320] 951133] 4o4| 048867) 127453/; 00] 872547 
176179] 951388] 45,| 048612] 127566) ,,6] 872434 
176037| 951642] 45,| 048358] 127679|,.0) 872321 
175896] 951896] 454| 048104) —127792|,50] 872208 
10.175755| 9.952150|—75;| 10.047850] 10.127905|7 | 9.872095 
175614] 952405] 454| 047595] 128019], 56] 871981 
175473) 952659] 454| 047341) 128132], 65] 871868 
175332] 952913] 454] 047087] 128245), 00) 871755 
175192} 953167] j453| 046833] 128359|) 20 871641 
175051] 953421] 455] 046579] 128472|) 0) 871528 
174910} 953675) 459| 046325] 128586|),9) 871414 
174770} 953929] 459| 046071) 128699], 40} 871301 
174629} 954183] 453; 045817] 128813) 99) 871187 
1744891 954437 0455631 128927 871073 
| Secant | Cotang. | Tang. | Cosec. | Sine. | / 
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51] 9.832561 
521 832697 


93] 832833 
541 832969 
55} 833105 
56] 833241 
57] 833377 
58} 833512 
59} 833648 
60t 833783 
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0] 9.825511 

1} 825651 

2} 825791 

3] 825931 

4) 826071 

5} 826211 

6] 826351 

7} 826491 

8] 826631 

9} 826770 
10] 826910 
11} 9.827049 
12} 827189 
13] 827328 
14) 827467 
15} 827606 
16} 827745 
17} 827884 
18] 828023 
19} 828162 
20} 828301 
21) 9.828439 
22} 828578 
23] 828716 
24) 828855 
25} 828993 
26} 829131 
27] 829269 
28] 829407 
29] - 829545 
30] 829683 
31} 9.829821 
32] 829959 
33] 830097 
34] 830234 
35] 830372 
36] 830509 
37] 830646 
3A] 830784 
39] 830921 
40} 831058 
41] 9.831195 
42) 831332 
43} 831469 
44} 831606 
A5} 831742 
46} 831879 
47} 832015 
48] 832152 
49} 832288 
50} 832425 
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TABLE VI. 


(42°) Logarithmic Sines. 


| D. | Cosec. | Tang. | D. | Cotang. } Secant:-}-D.}- Cosine. — 
354 10174489] 9.954437 0.045563) 10128927), 
234) "174349| 954691 
S331 174209] 954945 
S331 174069] 955200 
seal 173929] 955454 
Sos 173789) 955707 
5331 173649] 955961 
533} 173509] 956215 
533| 173369] 956469 
529| 173230] 956723 
539} 173090] 956977 
—535| 10.172951| 9.957231 
ssl 172811) 957485 
339| 172672) 957739 
339] 172533] 957993 
539| 172394] 958246 
335| 172255] 958500 
531| 172116] 958754 
531|  171977| 959008 
531| 171838} 959262 
531 |__171699] 959516 
—531| 10.171561| 9.959769 
53| 171422] 960023 
53)|  171284| 960277 
520] 171145] 960531 
339| 171007] 960784 
530| 170869] 961038 
330 170731) 961291 
539| 170593] 961545 
539] 170455) 961799 
3391170317] 962052 
—Fa9| 10.170179| 9.962306 | 
399| 169903] 962813 | 
599| 169766} 963067 : 
599| 169628} 963320 
559| 169491] 963574 
599|  169354| 963827 | 
298} 169079) 964335 . 
558| 168942] 964588 | 
—Jog| 10.168805| 9.964842|——— 
598| 168668] 965095 
558} 168531] 965349 
998 168394) 965602 : 
593 168258] 965855 | 
598] 168121} 966109 
597| 167985] 966362 
597| 167848] 966616 
597| 167712) 966869 
597| _ 167575| 967123 
—Jo7| 10.167439| 9.967376|——= 
597| 167303} 967629 
597| 167167] 967883 
596, 167031] 968136 
556 166895] 968389 
556} 166759] 968643 
166623! 968896 
226) 1664881 969149 
226) 1663521 969403 
226) 166217! 969656 
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Tangents and Secants. (43°) 


9.833783) 55,| 10.166217) 91969656 
833919} 2591 166081| 969909] 427 
834054 165946] 970162] 12° 
834189 165811] 970416] 15> 
834325). 165675] 970669| 422 136344] 197 
834460 165540} 970922] 49° 136462/197 
834595 165405) 971175] 155 | 136581]197 
834730 165270} 971429] 455 : 
834865 165135] 971682) 435 

| 834999 165001] 971935] 435 
835134] 224] 164866] 972188| 45> 


=55]| 10:164731| 9.972441|—55 

164597) 972694) joo 

835538 164462] 972948] 455 
835672]. 164328] 973201] 455 
835807 164193] 973454] 455 
835941 164059] 973707} 455 
836075 _ 163925] 973960) joo 
836209 163791| 974213] 450 
836343 163657| 974466} jo5 
836477) 555| 163523) 974719) 455 


Soo) ioc sh 8 Pie dale dll 
21) 9.836611|—55,| 10.163389] 9.974973 jos 
| 836745] p55| 163255] 975226) 455 
836878 163122] 975479) 455 | 
837012 162988] 975732| 455 | 138720) 550 
837146 162854] 975985] 455 | 138839)5 55 
837279 162721] 976238] 455 32] 138959 
837412 162588] 976491] 455 | 139078 
837546 162454] 976744) 55 | 139198 
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31} 9.837945|—s55| 10.162055| 9.977503| Goa aT 
321 838078 *161922] 977756] 455 
838211 161789] 978009] 455 
838344) 161656] 978262) 455 ) aah 
838477 161523} 978515] 455 | 140038)5 55 
838610 161390] 978768] joo 
838742 161258] 979021] 455 
838875 161125] 979274) 455 
839007 160993} 979527] 455 
839140 160860] 979780) joo 
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0 
i; san} 10.160728 9.980033 )F59 10.019967) 10.140761|—— 
Lt 839404 160596] 980286 422 019714 140881 
839536 160464} 980538 429 019462) 141002 
839668 160332] 980791 42] 019209} 
839800 160200} 981044 42) 018956} 
839932 160068} 981297 42] 018703 
_ 840064 159936] 981550 42) 018450} 
840196 159804] 981803 42] 018197] 
. 840328 159672! 982056 42] 017944] 
840459 159541] 982309 42] 017691} 
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—Dyo9| 10-159409] 9.982562) 57 
840722 159278] 982814 42] 
840854 159146} 983067 49] 
840985 159015} 983320 42] 
841116 158884} 983573 421 
841247 158753} 983826 42] 
841378 158622} 984079 42] 
841509 158491} 984331 42] 
841640 : 158360] 984584 
841771 158229] 984837 


SeNWROAN WS 


- 


42] 


0) 9.841771 
1} 841902 
2) 842033 
3] 842163 
4] 842294 
5] 842424 
6} 842555 
7| 842685 
8} 842815 
9} 842946 
10} 843076 


Til 9.843206|——~ 


12] 843336 
13] 843466 
14] 843595 
15} 843725 
16} 843855 
17} 843984 
18} 844114 
19} 844243 
20} 844372 


"211 9.844502|—— 


22} 844631 
23] 844760 
24] 844889 
25] 845018 
26) 845147 
27} 845276 
28] 845405 
29} 845533 
30] 845662 


“311 9.845790|—— 


32] 845919 
33] 846047 
34) 846175 
35] 846304 
36] 846432 
37] 846560 
38] 846688 
39} 846816 
40} 846944 


42) 847199 
43] 847327 
44) 847454 
45] 847582 
46} 847709 
47] 847836 
48] 847964 
49} 848091 
50} 848218 
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52] 848472 
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D4} 848726 
55} 848852 
56} 848979 
57) 849106 
58) 849232 
59}. 849359 
60, 849485 
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TABLE VI. 
(44°) Logarithmic Sines. 


. | Cosec. | Tang. | D. | Cotang. | Secant. | D.| Cosine. | 

10.158229) 9.984837) 45)| 10.015163) 10.143066],), 9.856934 
158098} 985090 42) 014910 143188. 203 
157967] 985343 42}| 014657 143310 204 
157837} 985596 42] 014404 143432 204 
157706] 985848 42] 014152] 143554594 
1575764 986101 42] 013899 143677 204 
157445] 986354 42] 013646 143799 204 
157315} 986607 42] 013393] 143922 204 
157185] 986860 42] 013140 144044 204 
157054] 987112 42] 012888 144167 204 
156924} 987365 42] 012635 144289 

10.156794] 9.987618 4g] | 10-012382 10.144412 205 
156664} 987871 421 012129 144535 205 
156534] 988123 421 011877 144658 205 
156405] 988376 421 011624 144781 205 
156275] 988629 42] 011371 144904 205 
156145] 988882 42] 011118 145027 205 
156016} 989134 421 010866 145150 205 
155886} 989387 42] 010613 145273 206 
155757] 989640 42] 010360 145397 206 
155628} 989893 42] 010107 145520 

10.155498 9.990145) G57 10.009855] 10.145644 206 
155369} 990398 42] 009602 145767 206 
155240] 990651 421 009349 145891 206 
155111} 990903 42] 009097 146014 206 
154982) 991156) 45) 008844 146138596 
154853] 991409 421 008591 146262 
154724] 991662] 45," 008338] 146386| 54 
154595} 991914 42] 008086 146510)597 
154467] 992167 42] 007833 146634 
154338] 992420 421 007580 146758 9 

10.154210} 9.992672)757| 10.007328 10.146882|557 
154081} 992925 421 007075 147006 207 
153953} 993178 421 006822 147131 207 
153825} 993430) 45) 006570 147255 207 
153696} 993683) 45) 006317 147380 207 
153568] 993936) 49) 006064 147504 208 
153440] 994189) jo) 005811 147629 08 
153312) 994441) 45) 005559 147753 208 
153184] 994694 421 005306 147878 208 
153056] 994947 421 005053 148003 

10.152929] 9.995199)-757| 10.004801} 10.148128|553 
152801} 995452) 45) 004548 148253 208 
152673} 995705 42] 004295 148378 208 
152546] 995957 421 004043 148503 }599 
152418} 996210 421 003790 148628] 599 
152291} 996463 421 003537 148754 209 
152164] 996715 421 003285 148879 
152036; 996968 42] 003032 149004 
151909} 997221 421 002779 149130}o99 
151782] 997473 42] 002527 149255 !o99 

10.151655] 9.997726 “421 | 10.002274 10.149381)509 
151528} 997979] 75,| 002021] 1495071519 
151401} 998231 42] 001769 149632 210 
151274] 998484 421 001516 149758 210 
151148] 998737 42] 001263 149884 210 
151021} 998989 42] 001011 150010 210 
150894} 999242 42] 000758} 150136 210 
150768} 999495 42] 000505 150262}51 0] 
150641} 999747 42] 000253 150389 210 
150515] 10.00000 000000 150515 
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_ Dip of the Sea Horizon 
at different Distances from it. 
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TABLE VII. 
Dip of the Sea Horizon. 
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5|32 
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15/30 
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25|29 
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1 0|24 
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15/22 
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35|20 


40/20 | 


45}19 
50/19 
55/19 


2 0j18 


5|18 
10/17 
15/17 
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25} 16 


30/16 
35|16 
40}15 
45)15 
50/15 


50/14 ° 
3 0}14 


5|14 
10)14 
15)13 


20/13 
25/13 
30}13 
35|12 
40}12 
45}12 
50}12 
55/12 


4 0/11 


5/11 


10)11 
15}11 
20)11 
25)10 
30}10 


» 35/10 


TABLE IX. 


Mean Refraction of Celestial Objects. 
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“TABLE XI. ’ SW ISAT awe XII. : 
> i 2. ~ = —_ . = me & 
To. correct the Mean Refraction, - i. Reduction of > fae 
<9 NRW TET To) ae a Pe torial Par 
Height of Thermometer. ) : 
28° |30°} 32° | 34° 36° | 38° | 40° | 42° | 44° | 46° | 48° | 50° 3 Horizontal Parallax. 
+) } ot ft sell Maal te oll ac as 
72° |70°| 68° | 66° | 64° | 62° | 60° | 58° | 56° | 54° | 52° | 50° |: __ 5a" | 56! | 665 OF 0 eo’ 
MELE KF or bist hs + ra a ine vt we a \ 
haa rr | 
25°) 23” 1 18” Gz 14” 11” 9” wb 5” 9” 0” 0-8 | 
BY 120i te a6 | 34, [112 1 lO Bi by 4 fae 1) 
é Py lel Aad O20] Bw a) uD ye i ee 1-5) 
16/14} 127,41} 10} 8] 7] 6] 4] 3] 1] 0 20), 
fi 12 |J1 | 10 9 8 7 6 4 3 y 1 0 27 I 
‘ 10; 9} 8 7 Bi OF “Sia ee SS 1 0 35] 
4 Be wy | 7 6 Fa) 4 4 3 2 ] 1 0 4-3) 
CV BL Be be a ft 4 PO SL eh oh TS ee ae 51 
4 gird eater Be) eB | SRY OPES DS ae ip ag 6-0} 
2) ig 4D 2 2 1; 1 1 l 1 0 0 0 6-8] 
Pa ead ee hay rh TE pd” Bp ; 9} 0 76), 
at le) Pe eee ee rte | 
28° 4/28+5|28+7/28-8'28+9/29-0|29°1129-3/29°4]29°6 ‘41 9: 7110-0). 
Scat rte ee 68| 9:3 9-6|10-0]10:3)10-6) 
ob | lect +)t) +l 4it 72) 9:8|10-1|10-4]10-8/11-2) 
30°9|30°6 30° 4130-4 [30° 2|30: 1|30-0/29-8'29+7|/29°6) |76/10-2]10-6}10-9}11-3)11-7| 
Se eet ht ree ee 84}10-7} 11-1}11-5}11-9)12-0) 
| Height of Barometer. 90/10°8]11-2/11-6]12-0/ 124 
TABLE XIII. TABLE XIV. 


Augmentation of )’* Semidiameter. 


Reduction of Latitude. 


_ 


Moon’s Semidiameter. 


, y’s 
Fes bal , 
3 Cor. AlN 14 36/14 56/15 16]15 30 [15 56)16 16]16 36 16 45 
0 0| 0-6; 0:0] 0:0} 0-0} 0-6) 0-0] 0-6) 0°60 
2! 0. 47:8 31 0+7| 0-7} 0-8] 0-8] 0-8} 0-9] 0-9} 1:0 
4| 1 35-4 6} 1:4 1:4] 1-5} 1-6] 1-6) 1-7] 1-8} 1:9 
6| 2 225 9] 2+]; 2:2] 2-3] 2-4] 2:5] 2:6] 2-7] 2:8 
8 ig} 2-8! 2:9! 3-1] 3-2] 3-3) 3-4] 3-6) 3:8 
0 15] 3:5| 3-6] 3:8] 4-0] 4:1] 4:3) 4°5] 437 
18} 4:2] 4:4] 4:6] 4:8] 5-0] 5-2] 5:4] 5:6 
21) 499} 5:1} 5:3] 575]. 5:7) BO} 6*3) 6:5 
241 5:5; 5°7] 6-0] 6-3] 6:6] 6-8] 7:1) 7:4 
27| 6:2; 6°4| 6-7] 7:0] 7:3] 7:6] 8:0] 8:2 
30| 6:8) 7:1] 7:4] 7:-7/ 8-0} 8:4] 8-8! 9:0 
331 7:41 7-7; 811 8-4] 8-7] 9-1] 9°5| 9:8 
36] 8:0) 8:3] 8:7} 9-1] 9-5] 9-9] 10-3] 10°6 
39, 8:5) 8-9! 93! 9-7] 10-1} 10°5| 11°0| 11:3 
421 9-1! 9:5] 9-9] 10-4] 10-9) 11:3] 11°8] 1271 
45] 9:6 10-0] 10-5] 10-9] 11-4) 11-9] 12-4] 12:8 
48} 10:1| 10°5| 11-0] 11-5} 12-0] 12-5] 13-0) 135 
| 51] 30:6 11-3} 11-6} 12-1] 12-6] 13-1] 13°6| 1441 
54) 11-0, 11°5| 12-0] 12°5| 13-0] 13°6) 14+2) 14°6 
57] 1174, 11:9] 12-4} 12-9] 13-5) 14-1] 14-8) 15: 
60] 11°7) 12°2] 12-8} 13-4] 14-0] 14-6 . 
66] 12'4) 13-0] 13-5] 14¢1] 14°79] 15:4 
75| 13-1] 13-7} 14-3] 14:9] 15-6] 16-3 
90] 13°5 14:2) 14-9] 15-5] 16-2] 16-9 


ee or 


Contraction of Semidiameters of © 
' and ) from Refraction. 
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TABLE XV. LA 3 TABLE XVI. 


App. Alt. of © or.). 
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lo 
12 
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Days. | Jan. 
A ot 
16 18 
‘ 16 47 
14 16 17 


Feb. 


16 15 
16 13 
16 =U 


16 10 
16 «7 
6 v4 
April. 
16 l 
15 58 
15 505 
May. 
15 53° 
15 dl 
15 49 


June, 

1 15 48 
ll 15 46 
21 15 46 
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March. 


©’: Semidiameter. 


July. 
fis th 
15 46 
15 46 
15 46 
August. 
15. 47 
15 49 
15 5l 
Sept. 
15 53 
15 56 
15 58 


Oct. 
16 
16 
16 


Nov. 


16 9 
16 12 
16 14 


Dec. 


16 16 
1G 17 
16 18 


a 


TABLE XVII. 


Correction of tle Time of )'s Meridian Passage. 


3 


Daily Variation of ,)’s Meridian Passage. 


138 


val. 


h 
2 
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To Compute the Equation of Equal Altitudes. 


h 

7:7297\7-7146)4 
*7298| °7143 
°7300| °7139 
*7302| °7136 
*7304| °7132 
*7305| °7128 
*7307| *7125 
*7309) °7121 
“Jol l) “f1l7 
7313} °7113 


*7315| °7109 


*7317| °7105 
7319} -7101 
°7321| °7097 
*7323) °7092 
°7325| *7088 
°7327| °7083 
°7329| *7079 


}| °7331) °7075 


-7333| +7070 
7336) -7065 
‘7338| °7061 
-7340| °7056 
7342) -7051 
7345) -7046 
| +7041 
7349) -7036 
7352! +7031 
7354| -7026 
7357| *7021 
-7359| -7015|5 
-7362| -7010 

-7364| -7005 

‘7367| -6999 


7°7447|7-6823|6 0 


58 


TABLE XVIII. 


ns Log. A. Log. B. Inter Tog. A.|Log. B. val Log. A.|Log. B. at Log. A.|Log. B, 


‘8079 
8086} 
8094 
‘8101 
8108 
‘8116 
8123 
8130 
‘8138 
“8145 
8153 
8160 
8168 
‘8176 
8183 
‘8191 
8199 
8206 
8214 


*8222 

6230 
8238 
°8246 
8254 
“8262 
*8270 
8278 
"8286 
*8294 


*8302 

8311 
8319 
8328 
8336) - 
"8344 
8353 
8361 
8370 
8378 


‘8387 
*8396) ° 
*8404 
8413 
*8422 
*8430) - 
*8439 
*8448) - 
*8457| - 
*8466) ° 
"8475 
*8484 
8493) - 
‘8502, °< 
8511) 
*8520: 
"8530, 
8580 « 
8548 
“8558 


7°7447| 76823 6 0 7°7703|7-6198 8 0 78072 75062 
-7451| 6815] 2| °7708) -6184 
7454| 6807] 4] -7713| -6170 
7458| 6800] 6] :7719| -6156 
7461| -6792| 8] 7724) °6142 
7464| 6784] 10} °7729| -6127 
7468) ‘6776| 12] -7735| °6113 
7472! ‘6768] 14) -7740| -6098 
7475| 6759] 16} -7745!| -6083 
7479| 6751] 18| -7751} -6068 
7482| 6743] 20) -7756| -6053 
7486| -6734] 22] -7762| -6038 
7440| ‘6726| 24| -7767! -6023 
7494| 6717] 26) -7773] -6007 
7497| -6708] 28] °7779| -5991 
7501) 6700] 30] -7784! -5975 
7505| 6691] 32] -7790| -5959 
7509| -6682] 34] -7796| -5943 
7513| -6673] 36] -7801| -5927 
7517| -6663] 38| -7807| -5910 
-7521| °6654] 40) -7813} -5894 
7525| 6645] 42] -7819| -5877 
7529| -6635] 44] -7825| -5860 
7533| 6626] 46] °7831| -5843 
7537| 6616] 48) -7836) -5825 
7541| -6606] 50] °7842| -5808 
7545| -6597| 52] °7848] -5790 
7549| 6587) 54] °7854| -5772 
7553| °6577| 56| °7860| -5754 
7557| 6567] 58) °7867| -5736 
7562) -6556|/7 0| -7873| -5717 
7566| °6546] 2| °7879| -5699 
7570| -6536] 4] -7885| -5680 
7575| 6525] 6] °7891) -5661 
7579| 6514] 8} *7898) -5641 
7583| -6504] 10} °7904) -5622 
7588] -6493] 12] °7910) -5602 
7592| -6482| 14] °7916 +5582 
7597| 6471] 16] -7923 -5562 
7601| -6460] 18) :7929) -5542 
-7606| -6448] 20] °7936) -5522 
7610) -6437| 22] -7942) -5501 
7615| -6425| 24] -7949 -5480 
7620| -6414] 26] -7955| -5459 
7624| -6402] 28] -7962, 5437 
7629| -6390| 30] -7969) -5416 
7634| -6378] 32) °7975| -5394 
7638| -6366| 34] °7982) -5372 
7643| -6354| 36] :7989| -5350 
7648] -6342| 38) -7995| -5327 
7653| -6329| 40| -8002| 5304 
7658] -6317| 42] -8009| °5281 
7663] -6304| 44] -8016) 5258 
7668] -6291| 46) °8023| -5234 
7673| -6278] 48] -8030| -5211 
7678| -6265| 50) -8037| -5186 
7683| °6252] 52] -8044| -5162 
7688| ‘62391 54! -8051| -5137 
7693| *6225 56) +8058 5112 
‘7698 ‘6212 B5) ADEs) ‘5087 
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Q’ s Declination when on the Meridian of Greenwich, for every Day in the Year 1822. 


January. | February. | March. April. | May. June. | 
Days, South. South. South. North. North. North. 
23° 2” 31} 17°10'15”| 7°40°43” | 492611] 14°597257| 22° 17 33” 
22 57 25 | 16 53 5 449 17 | 15 17 30 |. 22 9 
22 51 52 | 16 35 37 12,19 §.15 35.21. gg k7 
51 | 16 17 52 35 52 56 | 22 24 
24 | 15 59 51 58 10 16 | 22 31 
29 } 15 41°33 20 27.19 | 22 38 
8 | 15 22 59 43 ) 44 6 | 22 44 
20) 15 4° 5 0 37 | 22 50 
6 | 14 45 28 | 16 51 | 22 55 
27 | 14 25 50 32 47 | 23 
21); 14 6 12 48 26 | 23 
50 | 13 46 34 3.47 | 23 
93 | 13 26 56 18 50 | 23 
32 18 33 35 | 23 
46 39 48 1} 23 
35 ; ] 2..9,|.23 
1 } 22 15 57 | 23 
2 43 29 26 | 23 
41 t 42 35 | 23 
56 25 55 23 | 23 
48 45 7.52 | 23 
18 : 6 20 00 | 23 
26 ‘ 26 31 47 | 23 
13 46 13 | 23 
38 18 
42 1 
26 y 22 
50 ; 5 21 
55 58 
12 
4 
August. |September.| October. | November. | December. 
North. North. | | South. South. South. 
1g 782") 89247587) 3° 4° 6%) 14°41/30 219471244 
17 52 Boe: 27 25 | 14 40 42 | 21 56 38 
Mi 37 41 12 50 42 | 14 41 | 22 5 26 
17 21 19 13 56 | 15 24 | 22 13 50 
17 56 37 7 53 | 22 21 47 
16 34 015 Ae |. 220207 00 
16 12 23 19 4 | 22 36 24 
16 49 46 19 45 | 22 43 2 
15 27 9 15 10 | 22 49 14 
15 4 32 7 18 | 22 54 58 
15 4] 54 53 23 16 
15 18 17 34 23 6 
14 55 40 8 : 23 29 
14: 32 2 37 23 23 
14 9 24 59 Dal ai eO ihe 
13 52 46 47 13 23 50 
13 23 9 20 23 21 
13 59 31 20 23 24 
12 36 ; 53 10 : 23 25 58 
12 ; 13 14 52 23 
12 49 55 36 25 23 
26 ; 57 49 23 
3 19 2 
20 40 5 
43 4; 0 57 
Shee 21 39 
30 < 8 
53’ Bf ‘ 26 
17/2 3 22 32 
42 24 
18 22 43 : 2 4 


WCONRKUARWNYEH 


© COO ONNSTNTA SD Or or cr 


CWOUAOMONNAOD MOO & OO 


NK KKH COCO CCR KK KS NHN WWWKRROUTTITIARAANN® 


bo 
AS 
i) 


Ee A ROM EIST AT OSS 


140 mnie OE Bee ps ee 


(}’s Declination when on the Meridian of Greenwich, for every Day in the Year.1823.. 


February. | March. 


22 58 40 3.2 
22 53 13 0. 6’) 6,5 30. 57 
22 47.19 37 29 48 37 
22 40 58 52 6 
22 34 10 15 23 
22 26 55 37 40 
22 19 14 0 

ll 6 22 

2 32 45 

53 32 7 

44 29 

34 5] 

24 13 

13 34 

2 56 

50 17 

38 38 

26 59 

13 20 

0 40 

47 & 1 

33 21 

19 4] 

5 0 

50 20 

35 39 

19 58 
17 


17 47 14 36 29 
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September. December. 
North. North. North. South. South. | 
23°.10’25”| 18°11/29%) 8°30°14” 14° 16’46”| 21° 45’. 2”) 
23 17 56:23:| 8 8. 36 2 

23 0 46 
22 19 24 
22 22 2 
% ant 39 
36 17 
49 55 
47 32 

5 28 

55 
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“TABLE XIX. 3 ME 


(ow s | Declination when on the Meridian of Greenwich, for every Day i in the Year 1824, 


February. March. il. June. 
North. 
179187207 7 287507 7387147 15° 749” 92°) 5780” 
Babe f7 | id) 2° 1 15 26°47 | 22 13 ! 
30 | 16 43 58 | 6 42 24 44 30 | 22 21 
43] 16 26 20 | 6 19 47 1 58 28 
28 | 16 26 56 9 19: 9 34 
46 | 15 50 16 33 32 36 5} 22 41 
37 | 15 49 10 ah) 52 43 47 
24 15 13:°6 46 17 9 5 52 
1 | 14 8 23 40 25 10 57 
33 | 14 55 59 2 40 57 2 
40 | 14 28 36 24 56 7 
21 | 13 47 12 46 1] 10 
36 | 13 35 52 49 7 26 « 14 
2h. do 43 25 29 4] 17 
53 | 12 22 1 51 55 20 
54 | 12 49 38 12 3 3 22 
3.32 | 12 3 14 33 22 24 
45 6 50 54 36 
35 57 27 15 49 
2 37 3 2s 35 J 
5 h 20 56 14 
47 27 27 43 16 26 
37 7 36 37 
37 31 56 
29 54 15 
13 18 1: 3 35 
48 41 4 3 54 
16 5 13 
51 36 28 . 32 
51 50 35 
15 


CWC MMOBNINAAAG Maen 


5 
3D 
5 
4 
4 
3 
3 
3 
2 
2 
2 
1 
1 
0 
0 
0 
0 
0 
1 
1 
1 
2 
2 
3 
3 
3 
4 


North. North. North. South. 
oe oe | 18% 07 0% 8° 13’ 41” SU16s GAAS Heys 
woo 4.1 1, 44 47°) 7 51 48 39 24 | 14 50 26 
wz ibo.ea,| 1/ 29.5 | 7 29 48 2% 39% 157 9 1% 
maGaels.) lf 13,12 7 40 252525) 15 2% 153 
A748) 16 57° 2 45 25 49 15 46 13 
41 55 | 16 40 36 23 °F 12 16 4.18 
Oooo. | LO (20.04 6 35 35 16 22 7 
28 58 | 16 6 56 39° SZ 58 16 39 39 
2i,04 | .15 149 43 15 22 20 16 56 54 
12°28.) 15 j32.14 52 38 43 17 (13152 
38 | 15 14 3] 29 48 6 17 i30£32 
26 | 14 56 32 6 53 29 5 1:17 46°54 
5.1 .14:38;, 19 43 54 51 36} 18 2°58 
Aa ehtd Lac oo 20 51 14 18 18 43 |. 
B4nionh4) 212 57 36 18 34. 9 
62. 1.10142. 18 34 58 18 49 15 
49 | 13 23 11 1] 20 19 4 1 
ER We 6S es oat 48 42 25 | 19 18 26 
37.|.12 44 18 24 3 4 19 32.31 
29 |\..12) 24°33 1 25 19 46 15 
1|12 4 36 47 19 59 36 
> 11 | 1l 44 28 14 35 8 20 12 36 
24 8 29 45.1 20 25 14 
3 50 20; < 
“42 BD Pk ¢ 20 
22 19 32 21 
42 52 21 
6 3 32 21 
29 3 32 21 
52 3 52 21 
12 
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©)’s Declination when on the Meridian of Greenwich, for every Day in the Year 1825. 


January. | February. | March. April. May June. 
Days. South. South. South. North. North North. 
1 123° 0° 597) 17° 5°26) 7° 34°19" 7 §4°39°364 15°"4' 19") 2a 37 
2 1 22 55 46 | 16 48 11°] 7 11°29 455 40 | 15 22 20 | 22 11 36 
3 122 50 5 {16 30 39 | 6 48 33 5 18 40 | 15 40 6 | 22.19.13 
4 | 22 43 58 | 16 12 49 | 6 25 32 5 41 34} 15 57 37 | 22 26 26 
5 | 22 37 23 |] 15 54 43 | 6 2 25 6 4 22 | 16 14 52 | 22 33 16 
6 | 22 30 21 | 15 36 21 | 5 39 13 6 27 3 | 16 31 51 | 22 39 42 
7 | 22 22 52] 15 17 42 | 5 15 56 6 49 38 | 16 48 33 | 22 45 44 
8 | 22 14 58 | 14 58 48 | 4 52 35 712 7117 4 59 | 22 51 23 
9 122 6 37 | 14 39 39 | 4 29 11 7 34 28 | 17 21 8 | 22 56 37 
10 | 21 57 50 | 14 20 15 | 4 5 43 7 56 42 | 17 37 0} 23 1 28 
11 | 21 48 37 | 14 0 37 | 3 42 12 8 18 48 | 17 52 34 | 23 5 54 
12 | 21 38 58 | 13 40 45 | 3 18 38 8 40 46} 18 7 50} 23 9 55 
13. | 21 28 55 | 13 20:39 | 255 1 9 2 35 | 18 22 48 | 23 13 33 
4°49 20 18027 113-10, 20.) 2.31 23 9 24 15 | 18 37 28 | 23 16 45 
15 | 21 7 341] 12 39 49 | 2 7 43 9 45 46 | 18 51 49 | 23 19 33 
16 ] 20 56 16) 1219 5}144 1 10 7 7419 5 514 25 21 BF 
17 | 20 44 35 |] 11 58 9 | 1 20 19 10 28 19 | 19 19 34 | 23 23 56 
18 | 20 32 30] 11 37 2 | 0 56 37 | 10 49 20} 19 32 57 | 23 25 30 
19 | 20 20 2] 11 15 44 | 0 32 54 | 11 10 10 | 19 46 0] 23 26 39 
20.420 7 11] 10 54 16) 0 9 128!) 11 30.50 | 19 58 43.1 23 27/28 
21 19 53 57 | 10 32 38 | 0 14 30N] 11 51-18 | 20 11 6 | 23 27 42 
22 {19 40 21 | 10 10 50 | 0 38 11 12 11 34 | 20 23 8 | 23 27 37 
23 4 19 26:23 |-9 48 5311 1 50 12 31 39 | 20 34 48 | 23 27 7 
24 {1912 4] 9 26 47 | 1 25 27 12 51 31 | 20 46 8 | 23 26 12 
25 18 57 23: 9 433 11-49. 2 13 11 10 | 20 57 7 |} 23 24 52 
26 18 42 22 | 8 42 10 | 2 12 35 13 30 36 | 21 7 43 | 23 23 8 
27 18 27 1 8 19 40 | 2 36 5 13 49 49 | 21 17 58 | 23 20 59 
28.118. 11°20 7 7-57.31. 259 31 14 8 48 | 21 27 51 | 23 18 25 | 
wo 4417 59019 3.22 53 | 14 27 33 | 21 37 21 | 23 15 27 
30 IF 39'0 34612 | 1446 3 | 21 46 29 | 23 12 4 
31 Mar 4 | 4 9 26 21 55 154) * 
July. August. |jSeptember.| October. | November. | December. 
ae North. North. North. South. South. South. 


1: 4.23° 8717) 18° 37 41] 8°19" 24 3° 1072474 “14° 260Ro) Bie sa ae 
21 Oe P4026 1 1748 BF Fe be 1d 3 33 43 | 14 45 48 | 21 58 55 
3 4 22 59 30 | 17 32 56 | 7 35 12 35659115 443422 7 37 
Aa oo 54°31" 17.17: 7 7 FAs. 4 20 12 | 15 23 23 | 22 15 54 
5422 49 S717 (1 F496 50-52 4 43 23 | 15 41 47 | 22 23 44 
6 | 22 43 20 | 16 44 39 28 32 5 6 31] 15 59 57 | 22 31 8 
7, 4 Oe 373.9 4: V6. Bay 6 5 5 

8 | 22 30 35/1611 6 43 32 5 

9 | 22 23 37 | 15 53 56 20 53 6 

10 | 22 16 16} 15 36 30 58 8 6 

11 | 22 8 32] 15 18 49 35 18 7 

12.122 025 1 15° 0 53 12 23 7 2342417 43 24-93 46-00 
13 | 21 5155 | 14 42 43 7 

14 | 2143 314 14 24 19 8 

15 | 21 33 48114 5 41 8 

16 | 21 24 11! 13 46 50 S 

173° 25 1412 | 13 97 45 9 

18 4121 3524113 8 28 9 

19 | 20 53 11 | 12 48 58 9 

20 | 20 42 9] 12 29 16 
21 | 20 3045112 9 22 
22 12019 0| 11 49 17 
23.90.20 6554 71,29 1 
24 119 54 31] 11 8 34 
25 119 41 47 | 10 47 56 
96 119 28 43 | 10 27 8 
27 1191519110 610 
28° 119 1361 945 3 
29 118 47 35 | 9 

30 118 3315] 9 2 20 
81) 1848-37 4-8 
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| 144 | TABLE XXL. RRM | 
| ©’s Right Ascension when on the Meridian of Greenwich, for every Day in the Year 1822. 


January. | February. | March. April. May. “|° ‘June. 

ON SOE 01S AR CARES Cece ASRS SEG, RENNIN PERT RIRNEOIN EDAD PRS PEN Pi ee 
hm 3s hm s hm s]|hm 5 h js hm i s. 
18 46 6 | 20 58 28 | 22 47 37 0 41 11 2 62 ZE 4 34 58 
18 50 32 | 21 2 33 | 22 51 22 0 44 49 2 36 (9 4 39 | 3° 
18 54 56 | 21 6 36 | 2255 6 0 48 27 2 39 59 443 9° 
18 59 20 | 21 10 38 | 22 58 49 052 6 2 43 49 4 47 15° 
19 3 44] 21 14 40; 23 2 32 0 55 44 2 47 39 4 51 22 
19 8 7 | 21 18 41} 23 6 14 0 59 23 2 51 30 4 55 29 
19 12 30.| 21 22 41 | 23 9 56 1 3 32 2 55 22 4 59 36 
19 16 52 | 21 26 40 | 23 13 38 1 6 41 2 59 14 5 3 43 
19 21 14 | 21 30 38 | 23 17 19 1 10 21 o > i7 5 7 51 
19 25 35. | 21 34 36] 23 21 0 114 0 a F% 10 5 Fk 39 
19 29 56} 21 38 33 | 23 24 40 1 17 40 3.10 54 516 8 
19 34 16 | 21 42 29 | 23 28 21 1 21 20 3 14 49 | 5 20 16 
19 38 35 | 21 46 24 | 23 32 1 125 1] 3 18 44 5 24 25 ; 
19 42 54 | 21 50 19 | 23 35 40 1] 28 42 3 22 40 5 28 34 : 
19 47 13 | 21 54 13 | 23 39 20 1. 32: 23 3 26 36 5 32 44 
19 51 30 | 21 58 6 | 23 42 59 36:5 3 30 33 5 36 53 E 
19 55 47 | 22 1 58 | 23 46 38 1 39 47 3 34 31 5 41 3 
20. 0 3:; 22 5 50-4 23:50 17 ] 43 29 3 38-29 5 45 12 
20 4 19.) 22. 9 41°) 23 53 55 1 47 12 3 42 28 5 49 22 
20 8 33 | 22 13 32 | 23 57 34 1 50 55 3 46 27 5 53-32 
20 12 47 | 22.17 22 0 112 1 54 39 3 50 27 5 57 41 
20 17 +1 | 22 21 11 0 4 5l 1 58 23 3 54 27 6 151 
20 21 13 | 22 24 59 0 8 29 a Si 3 58 28 6. 6- 72 
20 25 25 1222 28 47 012 7 2 5 52 4 2 30 6 10 10 
20 29 36 | 22 32 34 0 15 45 2 9 38 4 631 6 14 20 
20 33 46 | 22 36 21 0 19 23 2 13 24 4 10 34 6 18 29 
20 37 55 | 22 40 7 023 1 2°17 10 4 14 37 6 22 38 
20 42 3 | 22 43 52 0 26 39 2.20 57 4 18 40 6 56 47 
20 46 ll 0 30 17 2 24 44 4 22 44 6 30 56 
20 50 18 0 33 55 2 28 32 4 26 48 635 4 

0 4 30 53 


.-| October. | November. | December. 


ms{hm s}hwm 5s 
28 22 | 14 24 33 | 16 28 16 
32 0] 14 28 28 | 16 32 35 
35 38 | 14 32 24 | 16 36 55 
39 16 | 14 36 21 | 16 41 16 
42 54 | 14 40 19 | 16 45 37 
46 33 | 14 44 18 | 16 49 59 
50 12 | 14 48 17 | 16 54 2) 
53 52 | 14 52 18 | 16 58 44 
57 32 | 145619 | 17 3 7 

1:13 ]°15--O-21, Pi7=* 7S 
454115 4 24 | 17-11 56 
8 35 115 8 28 | 17 16 20 
12 17 | 15 12 33 | 17 20 45 
16 0] 15 16 38 | 17°25 11 
19 43 | 15 20 45 | 17 29 36 
23 127 | -35°24552) 1797 sae 2 
27 11. | 15 29 .0.| 17 38°28 
30 56 | 15 33° 9 | 17 42 55 
34 41 | 15 37.19 | 17 47 21 


16 44 | 16 23 57 | 18 36 11 
14 20 38 18 40 37, 


Add 7:3* for every period of four years (see Table XX.) after those for which ©’s — 
Right Ascension is given in Table XXI. to find his Right Ascension on the correspond ff ~ 
_ ing Day in subsequent Years, prentin s+ ate 


* TABLE, XX, | “145 
9 anit Hsceneiay when. on, the Meridian of Greenwich, fo for every Day’ in ‘the Year 1823.’ 


February. «March. “April. wiMay, fe ‘June. 


Tse|s2 mse] ch mst] oh m | 5? 1h mj s®|)*h mis 
24 20 57 28) 22 46 42°) 6 40 17°) 2 31 24] 4 33 57 
21 21 33:4 22 60 26) 10 43 55%] <2 88 13-4 %4 38 5 3° 
Ok 21 55 364 22 54 10°] 0 47 B4y $2 39 24 4 4979 : 
16} 21 <9 39 | 22 57 54.) 0 51 12) 2 42 52) “4 46 15 ‘ 
40>; 21 13 41.% 23 ©1 87)) °0 54 51} °2 46 43) ~4 50 22 ; 
(34 21 17 42-4 23 (5 20°} -0 58 30} ©2 50 34 | 4 54 29 - 
yf 21 21 42°) 23 9 2) 1 2 9} 62 54 26} -4 58 86 
21 25 42} 23 12 44) 1 5 48} 25818) 5 2 44° 
21 29 41) } 23 16 252} “FE <9 2757 SS 21} 5 °6 52 | 
| Z1 33 390} 23 20 16%) ik IS. (76h 83 6 i4<t SS EL FD 7 
Sef 2k 37 36yp 23 23 47>p -F 16 47°¢ BS 9 58°) “S 15 78 
140}. 21 41 32) 23 27 28°) ‘F 20 28°} °3 13-53°} (5 19 17 
21 45 28:| 23 31 8) 124 8} 3:17 48] 5 23 26 
21 49 23°) 23:34 48} 1 27 49°} 3 21-44] ‘5 27 35 
21:53 17°) 23 38 27} 1 31:30} 3 25- 40°F 5 31 44 
21 57 107} 23.42 7+) 1 35 12") 3 29°37 | 5 35 54 
22 1 3) 23 45 46 +: 1 38.54 - 3 33°34 9 40 3 
2422 4 55 | 23:49 25 | 1.42 36) 3 37 32°] 5 44 12 
18422. 8 46°}' 23:53 3} 1.46.19} 3 41-30} 5 48 22 
22).12 37 |° 23:56 42°} 150° 2+) 3° 45°29 | 5 52°31 
22:16 26} 0 0 20.) 1 53 45} 3:49:29 | 5 56 41 
OD 4e22220 15 Ne 02 3 58 Yo 2 57 29 4 3858%29 ] 6 O50 
12 }:22 24 4 09 736% 2 FT IBY 857-20 6 5° 0 
22 24 5246 @ 12 14) 2) 4.58 {* 4 ¥3] 4 6 9» D 
22 31 39} 0 14 524) 2) 8 43}. 4 5°32) 6 13°18 
22:35 25 | 0:18 30 |) 2:12 28}. 4 9-34] 6 17-28 
22:39 12}. 0:22 8} 2-16 15 } 4°13°37 }° 6 21°37 
3 4,22 42 57 |. 025 45 | 220 1} 4:17-40} 6 25 46 
025 23 | 223 48} 4 21 44} 6 29 55 
033: 1) 227 36| 4 25 48) 6 34 3 
0 4 


October. }November. | December. 


August. 


a 


September. 


hm 8s h'm s he mi g 
12 27 30 | 14 23 36 } 16 27 13 
12.38: 7 | 14:27 31 -16-3F 32 
12 34 45 [14 31 27 | 16 35 52 
12.38) 23 £1435) 24 P46 40° 13 
12 42 21} 14 39 22 | 16 44 34 
12 45 40 | 14. 43 20 | 16 48 56 
2 49 20 | 14.47 20 | 16 53 18 
12 52.59 | 14:51 20 |-16°57 41 
12756239) 44°65520 F174 2 4 
13. 0 20 | 14 59 23 | 17. 6 28 
13. 4 14115. 3°26)} 17 10°52 
138275 420 11582729) F725 3175 | 
13).41 5°24) [#1504134 47°19*41 
13°15. -6) | 15 15°39: [-17°24> 6 
13.18 49 | 15 19 45 | 17 28 32 
13 222 132% |. 05 (23°52) (£732 “58 
13 26°16 | 15.28 0 | 17 37 23 
E3 30.4515) °15 B2™. 8) 1-7 “41 49 
13 33 46 | 15 36.17 | 17 46 16 
13 37 32 | 15 40 28 | 17 50 42 
13 ‘Al -38 *| '¥5 44539) ) 197 '55% 9 


m s h m s 
43 11 | 10 39 ap 
47 414,10 43 

50 57 | 10 46 a 
54 49 | 10°50 17 
58 40 | 10 53 54 
ABBE &:10:572 31 
&2E hl Ls 
10.11 |.11 4 44 
14:0 12821 
17.49 | 11 11 57 
33 
Zon 24) ATVA19EL8 
29-11} 11 22 44 
32.57 | 11 26 20 
36 42.) 11 29.55 
40 271131 °33730 
44:12 1.11 37 6 
47 56 | 11 40 41 


CCC WHWCM CUM MWMCUC UY YEUY DODOAAOr 
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Add 7°3* for every period, of four years (see Table: XX.) after those for which @)’s 
Right Ascension is given in Table XXI. to find his Right plage on: oe correspond- 
ing psy: in amet acta Years. 2. 


“14G° Hina TABLE XXL 


@)’s Right Ascension when on the Meridian of Greenwich » for every Day inthe Year 1824. 


February. | March. 


2) 

8 
55 
43 
31 


32 
10 
48 
27 


September.} October. | November. | December. 


TOME NOME OWN NOME NOME NOME NOME NOM NOE ee ee ee ee ee ee 
LAL BARRA ROWWOWOWWWWWWWWWWWOWNNHNHNHYNHhb- 
AABnDKAACDCOCMONUNKUNKUKKO a 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


ly mas h m s 

10 42 10 14 26 29 

10 45 47 : 14 30 49 

10 49 25 14 9 

1053 182 14 3° 30 

a2 % 10 56 38 
58 1] 15 
5 1] 51 

ll ll 27 
16 1] 53 
29 39 
26 15 
31 50 
34 26 
38 1 
4] a7 
43 12 
45 48 
47 3 23 
47 59 
48 34 
48 10 
47 46 
46 21 
44 57 
42 34 
39 10 
4 46 
31 } 23. 
26 0 
21 37 
8 42 15 39 


Add 7-38 for every period of four years (see Table XX. ) after those for which ©’s 
Right Ascension is given in Table XXI. to find his Right Ascension on the correspond- 
ing Day in subsequent Years. 
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©)’s Right Ascension when on the Meridian of Greenwich, for every Day inthe Year 1825. 


Days.}| January. | February. | March. April. May June. 

eee ms | ho ’m 8 } bh ’miss >) bh ms) bh mg 

1 7 18 47 19 | 20 59 36 | 22 48 40 |} 04212] 233 24] 4 36 5 

2 418 51 44 | 21 3 40 | 22 52 24] 04550] 2 37 13] 4 40 10 

3 41856 8) 21 7 43 | 2256 8] 049 28] 241 2] 4 44 16 

4 419 0 32 | 21 11 45 | 22 59 51 | 053 7] 2 4452] 4 48 22 

5 J 19 4 56 | 21 15 46 | 23 3 34] 05645 | 24843] 4 52 29 

eles ld} 21.19 47,4 23-7 16 ged at 2 52 34 | 4 56 36 

Pope i> 427) 2) 23 47 | 23:10 58 | 1 4°33 |} 256 26 |. 5 043 

Bop tp 18° 4) 21 27 46 | 23:14 39 | 1 742) 3.019 | 5 451 

9 | 19 22 26 | 21 31 44 | 23 18 20} 111 22} 3 412] 5 859 

en igi26 47 | 21 385 42.) 23 22 1) 116 27 32.8 5) 513 7 

ey tgiai 7) 21 89-38) 23 25 42 | 13842 & 311 59°}> 5 17-16 

12 | 19 35 27 | 21 43 34 | 23 29 22] 122 22) 31554] 5 21 24 

Peepisiag 47 | 21 47 30;) 23 33 2) 1 26°3 f 31949 1h 6 25 33 

14 719 44 5 | 21 51 24 | 23 36 42 | 1 29 44] 3 23 45 | 5 29 43 

15 | 19 48 24 | 21 55 18 | 23 40 21 | 1 33 25 | 3 27 42 | 5 33 52 

Ee tvioe 41) 20 o9 11 | 23 44 0} oT 37) 7. 3 31 39 |) 5b 38k 

17 4 19 56 58 | 22 3 3] 23 47 39 | 14049] 3 35 37 | 5 42 11 

18 | 20 1 14} 22 6 55 | 23 5118] 1 44 32] 3 39 35} 5 46 20 

19 | 20 5 29 | 22 10 46 | 23 54 57 | 14815] 3 43 34] 5 50 30 

20 | 20 9 44 | 22 14 36 | 23 58 35 | 15158] 3 47 33 | 5 54 40 

21 f 20 13 58 | 22 18 26} 0 214) 155 42) 351 33} 5 58 49 

22 | 20 18 11 | 22 2215] 0 5 52) 1 59 26] 355 34] 6 259 

23 | 20 22 23 | 22 26 3); 0 930] 2 310} 35935} 6 7 8 

24 | 20 26 34 | 22 2950 | 013 8| 2 655] 4 336] 611 18 

25 | 20 30 45 | 22 33 37 |} 01646) 21041] 4 7 38] 6 15 27 

26 | 20 34 55 | 22 37 24] 0 20 24; 21427 | 411414] 6 19 36 

27 4 20 39 47 224110) 024 2; 218 13 | 415 43 | 6 23 45 

28 | 20 43 12 | 22 44551 0 27 40 | 222 0}; 419 47 | 6 27 54 

29 | 20 47 19 03118 | 22548] 4 23 51} 6 32 3 

30 | 20 51 25 0 34 56 | 229 36} 4 27 55| 6 3611 
31 [| 20 55 31 0 38 34 4 32 0 

July. August. |September.}| October. | November. | December. 

Sete km s Ph m 8 tf him’ s | hom 's fh m 8 

6 40 20 | 8 45 10 | 10 41 16 | 12 29 21 | 14 25 37 | 16 29 27 

6 44 28 | 849 31 10 44 54 | 12 32 59 | 14 29 33 | 16 33 46 

6 48 35 | 8 52 55 | 10 48 31 | 12 36 37 | 14 33 29 | 16 38 7 

6 52 43} 8 56 47 | 10 52 8 | 12 40 15 | 14 37 26 | 16 42 27 

65650} 9 0O 38] 10 55 45 | 12 43 54 | 14 41 24 | 16 46 49 

7 057| 9 4 28] 10 59 22 | 12 47 33 | 14 45 23 | 16 51 11 

75 3} 9 818] 11 258] 12 51 12 | 14 49 23 | 16 55 34 

7°9 9] 912 7 {11 6 35 | 12 54 52 | 14 53 24 | 16 59 57 

71315} 9 15 56] 11 10 11 | 12 58 32 | 14 57 26] 17 4 20 

717 21] 9 19 44} 11 13 47 | 13 213] 15 1281]17 8 44 

Hig eo. 9 23 32.) 11.17°23 [13 5 54) 15 5-41 7 17 1a. 9g 

425 30} 9 27:19 | 11 2059 }13 9 36/15 9 36 | 17 17 33 

7 29 34] 9 31 6 | 11 24 34} 13 13 18 | 15 13 40 | 17 21 58 

7 33 38 | 9 34 52 | 11 28 10 | 13.17 +1] 15 17 46 | 17 26 24 

7 37 41} 9 38 37 | 11 31 45 | 13 20 44 | 15 21 53 | 17 30 50 

741 44] 9 42 22 | 11 35 21 | 13 24 28 | 15 26 0] 17 35 15 

745 46] 946 6 | 11 38 56 | 13 28 12 | 15:30 9 | 17 39 42 

749 48 | 9 49 50] 11 42 32 | 13 31 57 | 15 34:18] 17 44 8 

753 49] 9 53 34] 1146 7 | 13 35 43 | 15 38 28 | 17 48 34 

757 50 | 9 57 16 | 11 49 43 | 13 39 29 | 15 42 38 | 17 53 1 

8 150/10 0 59 | 11 53 18 | 13 43 16 | 15 46 50 | 17 57 27 

8 549,10 4 41} 11 56 54] 1347 3] 1551 2] 18 1 54 

8 948,10 8 22} 12 0 30 | 13 50 51] 15 55 15] 18 6 20 

813 46] 1012 3] 12-4 64 13 54 40 | 15 59 29 | 18 10 47 

8 17 44 | 10 15 43 | 12 7 42 | 13 58 30 | 16 3 44] 18 15 13 

8 21 41 | 10 19 23 | 12 11 18 | 14 2 20) 16 7 59} 18 19 40 

8 25 37 | 10 23 3 | 12 1454] 14 611 | 16 12 15] 18 24 6 

8 29 33 | 10 26 42 | 12 18 30] 1410 2] 16 16 32 | 18 28 32 

8 33 28 | 10 30 21 | 12 22 7 | 14 13 55 | 16 20 50 | 18 32 58 

8 37 23 | 10 34 0 | 12 25 44 | 14 17 48 | 16 25 8} 18 37 24 

8 41 17 | 10 37 38 14 21 42 18 41 49 


Add 7°3* four every period of four years (see Table XX.) after those for which @)’s 
‘Right Ascension is given in Table XXI. to find his Right Ascension on the correspond- 


ing Day in subsequent Years. 


TABLE XXII, 
Equation of Time when © is on the Meridian of Greenwich, 
for every Day in the Year 1822, 
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Days 


The Equation of Time from Table XXII. may be reduced to subsequent Years 
by Part I. of Table XX., by considering the seconds of arc in that Table, as seconds 


of time in the daily difference of the Equation of Time. 


TABLE XXII. 


Equation of Time when © is on the Meridian of Greenwich, 
for every Day in the Year 1823 


CONTI D OT OO DD 
WOMOONNUAMRAMNAR WHE 


po 
NX 
— 
ow 


18 }10 


29 413 
30 {13 
31 413 


42/13 


10/14 
38) 14 

614 
33/14 

0|14 
26/14 
52/14 
18)14 
42)14 

7\14 
31/14 
54/14 
16|14 
38/14 


59)14 
20/14 
39}14 
58)14 
17/14 
34/14 
51}13 

7\13 
22/13 


36/13 
49/13 
2/13 
14/12 
25 
35 
44 


53}12 


1/12 
812 
14/12 
19}11 
24/11 
28/11 
31}11 
33/10 
35}10 
35} 10 
35/10 
34 
32 


26 
17 

6 
55 


or 
Oo 
em TOTO OI mS AANNN © WOOO Now oR to) 


m s 


toh dw bb 


Add | Sub 
s{m s 
7} 3 2 
49| 3 9 
30} 3 17 
12) 3 23 
d0|'3 29 
37| 3. 35 
19} 3 39 
2| 3 44 
45| 3 47 
28] 3 51 
12) 3 53 
56] 3 55 
40) 3 57 
24| 3 57 
9} 3 58 

b. 
6| 3 57 
21) 3 57 
35| 3 55 
49| 3 53 
3] 3 51 
16} 3 48 
28| 3 44 
41} 3 40 
52| 3 36 
4) 3 31 
15) 3 25 
25} 3 19 
35} 3 13 
44, 3 6 
53} 2 58 
2 50 


=| 


a Nm a a a ae Oe Ol ON 


Gob bd bo bt bo 


.| April} May | June 


July 


AAAARAAN DH DH OF Ot Or Or Or Or Aor & SPP SP COO CO ws 


gq orsxyo oon lor) 


aes | ae | a | ee | ee ee: | ee | | [| er |] — | ——— ] —_ 


eer | = | | | ee | SS | | ——_—_.. | — | —— | —_ | -—————— 


s|}m §& 


Aug. | Sept. | Oct. | Nov. | Dec. 
Add | Add | Sub. | Sub. | Sub. 
ms|ms|ms{m S|m s 
6 0) 0 2/10 8/16 14/10 55 
Sub. 

5 57| 0 17/10 27|16 16/10 32 
5 53] 0 36/10 46/16 16/10 8 
5 49} 0 55/11 4/16 16) 9 44 
5 44] 1 14/11 22/16 14) 9 20 
5 38} 1 34/11 40/16 12) 8 55 
5 32) 1 54/11 57/16 9) 8 29 
5 25} 2 14/12 14/16 6) 8 3 
5 17| 2 34/12 30/16 1] 7 36 
5 9| 2 55)12 46/15 56) 7 9 
5 1] 3 15/13 215 50) 6 42 
4 52} 3 36/13 17|15 43) 6 14 
4 42) 3 57/13 32)15 35} 5 46 
4 31] 4 18/13 46)15 26) 5 17 
4 20} 4 39}14 0j15 17) 4 48 
4 915 0/14 13/15 7} 4 19 
3 57| 5 21/14 26|14 55] 3 50 
3 44) 5 42/14 38/14 44) 3 21 
3 31] 6 3/14 49/14 31} 2 51 
3.18] 6 24/15 0/14 17) 2 21 
3. 4] 6 46/15 10/14 3) 1 52 
249) 7 7|15 19)13 47) 1 22 
2 34) 7 27/15 28/13 31) 0 52 
219) 7 48/15 36/13 14] 0 21 

Add 
2 3/8 9/15 44/12 57) 0 9 
1 47) 8 29]15 50/12 38) 0 39 
1 30} 8 50/15 56)12 19) 1 8 
1 13) 9 10/16 2/11 59) 1 38 
0 56) 9 29/16 6/11 38} 2 8 
0 38) 9 49116 10)11 17} 2 37 
0 20 16 12 3.6 


The Equation of Time from Table XXII. may be reduced to subsequent Years 
by Part I. of Table XX., by considering the seconds of are in that Table as seconds 


of time in the daily difference of the Equation of Time. 


TABLE XXII. 


Equation of Time when © is on the Meridian of Greenwich, 
for every Day in the Year 1824. 


Jan. | Feb. | Mar. jApril.| May. | June. | July. .| Sept. | Oct. | Nov. Dec. 


SOCK RYE NNHNWWWWEH 
nw B 


= 
a 
WWW BROMAANYDH DOL S 


ae eS COOCCC CS 
KK ee SOSOCOPOCOC OOF BH ee hh 
WOOMMDHD NNNDAHITTHR PRWKWWNNHH HEH OOSOE 
i 


bo bot hw bd b& bt 
QOWwWNnNW hiv = 


24/10 3/16 
6 16 


WDD WWHWWH WwWWWWWWWH WHOWWWWWHWKWWWwWwwe 
ARMRARAAAH ABA ATATAKRARARWHWWWE 
SOSH RR HD NNNWWKWWWk HPHRKRKROTOOOONOoOOOs 


9 
9 
9 
9 
8 
8 
8 
7 
7 
7 
7 
6 
6 
6 
5 
5 
5 
4 
4 
4 


=H PONTO OON or 9 


The Equation of Time from Table XXII. may be reduced to subsequent Years 
by Part I. of Table XX., by considering the seconds of arc in that Table as seconds 
of time in the daily difference of the Equation of Time. 


15] 


TABLE XXII. 


Equation of Time when © is on the Meridian of Greenwich, 
for every Day in the Year 1825 


Jan. | Feb. | Mar. |April.| May. | June.| July. | Aug.| Sept. | Oct. | Nov. | Dec. 


i | | ee | ee | | | | | | ——_ | 


SS ee) eee eee ee ee es 


msims/{/ms/in s|m s|ms/[m sim s{|m gs]/ms]m sim 5s 

1 | 3 57\13 58}12 39) 3 59| 3. 4) 2 37] 3 211 5 58] 0 9/10 18/16 15/10 43 
214 25)14 6/12 27) 3 41) 3 12} 2 28) 3 32] 5 54] 0 28/10 37/16 16/10 20 
3 | 4 53)14 12}12 14] 3 23) 3 19] 2 18} 3 43] 5 50] 0 47/10 56/16 16] 9 56 
415 20/14 18})12 1) 3 5)'3 25] 2 9) 3 54) 5 45) LF 611 14116 15] 9 32 
5 | 5 47/14 23)11 47| 2 47| 3 31) 1 59| 4 +5) 5 39) 1 26)11 32/16 14, 9 7 
6 | 6 13/14 27/11 33) 2 29) 3 36] 1 48] 4 15| 5 33) 1 46/11 50/16 11] 8 42 
7 16 39/14 30/11 18) 2 12) 3 41] 1 37| 4 25) 5 26) 2 6/12 7/16 8] 8 16 
Sis 5/84 3211) 3) 1 54) 3 45] 1 26) 4 34) 5.19) 2 26)1223)16) 4|:7%).49 
9 17 30/14 34/10 48) 1 37| 3 49) 1 15] 4 44} 5 11) 2 46)12 39/15 59} 7 22 
Oot (7: 55114 35110 32) 1 21) -3.52) 1 38) 4 52) 5 3) 3) 712 55115253} 6.55 
11 | 8 18/14 35/10 16) 1 4] 3 54; 0 51] 5 1) 4 54! 3 27)13 11]}15 46) 6 27 
12 | 8 42/14 35/10 0} 0 48] 3 56) 0 39} 5 9] 4 45) 3 48113 25/15 39] 5 59 
1319 5|14 33] 9 43] 0 32) 3 57| 0 27| 5 17) 4 35) 4 91/13 40115 30) 5 31 
14 | 9 27\14 31} 9 26) 0.17) 3 58) O 14] 5 24) 4 24! 4 29/13 53)15 211 5 2 
15 | 9 48/14 29} 9 9) 0 2| 3 58) 0 2! 5 30} 4 13) 4 50/14 7/15 11] 4 33 

Sub. Add 

16 10 9/14 25) 8 52) 0 13) 3 57] 0 11) 5 37| 4 1) 5 11/14 19115 O| 4 3 
17 |10 29114 21} 8 35] 0 28] 3 56] 0 24] 5 42) 3 49) 5 32/14 31114 48] 3 34 
18 {10 49114 16] 8 17| 0 41] 3 54| 0 37) 5 47| 3 37) 5 53|14 43114 36] 3 4 
19 j11 7/14 10) 7 59) 0 55) 3 52] 0 50} 5 52) 3 23) 6 14/14 54/14 23) 2 35 
ZO zat 4) 7:41) ¥ 8) 3 49| 1 '3) 5 56) 3:10)'6 35)15 4114 8} 2 5 
91 W11 43/13 57| 7 23) 1 21) 3 46} 1 16) 5 59| 2 56) 6 56/15 14/13 54] 1 35 
Se tt gota 50) 7° 5| 1 33) 3 421 1 29) 6 2] 241) 7 17115 23/1338 15 
93 112 15/13 41! 6 46) 1 45) 3 37] 1 42) 6 4] 2 26) 7 38/15 32/13 21] 0 35 
24 112 30|13 32] 6 28) 1 57) 3 32} 1 55) 6 6| 2 10] 7 59/15 39/13 4) 0 5 
Add 

25 112 44113 23} 6 9] 2 8] 3 27/2 8] 6 7| 1 54] 8 19/15 46/12 46] 0 25 
26 112 57/13 13} 5 51} 2 18] 3 21} 2 20) 6 8] 1 38) 8 40/15 53}/12 27! 0 55 
V7eite eos 2b 5 32) 12 29) 3 15) 2°33) &@ 7) 1.21) 9 O115° 5812 Se lees 
98 113 21112 51) 5 14] 2 38} 3 8] 2 45) 6 7) 1 4! 9 20/16 3/11 48} 1 54 
29 13 31 4 55| 2 47/3 1} 2 57| 6 5) 0 46] 9 40/16 7/11 27] 2 23 
30 413 41 4 36| 2 56) 2 53} 3 9} 6 3] 0 28] 9 59)16 11/11 +5} 2 52 
31 {13 50 4 18 2 45 6 1} 010 16 13 21 


The Equation of Time from Table XXII. may be reduced to subsequent Years 
by Part I. of Table XX., by considering the seconds of arc in that Table ‘as seconds 
of time in the daily difference of the Equation of Time. 
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~ ‘TABLE XXIIL. 


Mean Right Ascension and Declination of sixty of the principal fixed Stars, 
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January 1, 1820, with their Annual Variations. 


Pegasi 
Pheenicis 
Cassiopeia 
Cetus 

Ursa Minor 
Andromeda 
Eridanus 
Aries 

Cetus 
Perseus 


Perseus 


Taurus 
Auriga 
Orion 
Taurus 
Orion 
Qrion 
Columba 


Canis Major 
Gemini 
Canis Minor 
Gemini 
Argo Navis 
Argo Navis 
Argo Navis 
Hydra 

Leo 

Ursa Major 


Ursa Major 
Leo 

Crux 

Crux 

Crux 

Virgo 

Ursa Major 
Centaur 
‘Draconis 
Bootes 
Centaur. 
Libra 
Libra ~ 


Corona Borealis 


Serpens 
Scorpio 
Hercules 
Ophiucus 
Draco 


Cygnus 
Aquila 
Pavo 
Cygnus 
Cepheus 
Aquarius 
Crux 

Pisc. Austr. 
Pegasus 
Pegasus 


Andromeda 


Or EWS BEL OATES 


feesa 


Pr. Names. 


Algenib 


Schedar 
Deneb Kaitos 
Pole Star 
Mirach 
Achernar 
ARIETES 
Menkar ~ 
Algol 


ALDEBARAN 
Capella 
Rigel 


Bellatrix 


Betilgnese 
Canopus 
Sirius 
Castor 
Procyon 
PoLLux 


Alphard 
REGULUS 


Deneb 


SPICA 
Benetnasch 


Arcturus 


Zubenesch 
Zubenelz 
Alphacca 


ANTARES 
Ras Algethi 
Ras Alhagus 
Rastaban 


ALTAIR 


Deneb 
Alderamin 


FoMALHAUT 
Scheat 
MarRcaB 
Alpheratz 


Right 


Ascension. 


ttt ttteet+tt 


Annual Declinatinn Annual 
Var. 


++ teettit+s 


ttettte+tts+ 


7 


ll 
17 
32 
58 
20 
39 

9 
36 
22 
14 


4 

ON 
168 
55 N 
33 S 
54N 
SIN 
138 


Var. 


+2009 
—19-95 
+ 19°89 
— 19-90 
+19°45 
+ 19°33 
—18°51 
+17°40 
+14:59 
+ 14°35 


+ 13°46 


7°92 
4:57 
4°74 
3°80 
3°90 


b++) ++ 


s Bateed 


TABLES XXIV. AND XXV. 
CORRECTION 


OF 


)s APPARENT ALTITUDE, 


AND AUXILIARY ARCS USED IN CLEARING THE LUNAR DISTANCE. 


#3 THESE TABLES HAVE THE SAME GENERAL ARGUMENTS, AND ARE USED JOINTLY IN THE 
LUNAR PROBLEM, THEY ARE SO PRINTED THAT THE DEGREES, &c. WANTED IN EACK 
TARKLE MAY APPEAR AT ONE OPENING OF THE BOOK, TABLE XXIV. BEING ON 
THE LEFT HAND PAGE, AND TABLE XXV. ON THE RIGHT. 
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| 154 TABLE XXIV. 
Correction of )’* Apparent Altitude. 


Parts for 5 : Parts for 
Nis ar )’* Horizontal Parallax. Seconds aS 
Alt. ; } } } p io? , | Parallax. 

ay 54’ | 55’ 1.56’ | 5771 58” | 59”| 60’] 61 ger 
wa GEN PEEL PE TT NALA) LOR IRN SO EE £ Paral- 2 
35 23/36 23137 23/38 23139 23/40 23/41 23/42 23] ] lax. |& 
42| 421 42| 42| 42) 42] 42 >) Wal zak Wz Ral 
0137. 0138 0139 0/40 041 0/42 0143 
LO).¢ 19ks 19s.) 1815 19) 19a 
kta 36} 36] 36] 361 36] 36| 36 
= ¢ 53h 58). BBL” SBlie 5B]. = 5Bhg BB 
PHA, 9138 9/39 9140 9141 9/42 9/43 9I44 
0 0 25| 25) 25} 25) 25} 25) 25 
Leta 4h. 410. Ai lie 4p lee 41a 41 bas 
28 57| 57] 56] 561 56] 56) 56 
312 12139 12/40 11/41 11/42 11/43 11/44 11/45 | 
26| 26] 25] 25) 25) 25] 25 cin 
40iwe 40h 2012s 30len 391 ue SO Lamas 12}2 
541 541 54| 544 54) 54] 54 13]3 
56 139 7/40 7l41 7/42 7143 7/44 7/45 7/46 l4|4 
3 0 (39 21/40 20/41 20/42 20143 20/44 20/45 20/46 p55 
34). 38] © 33}. 33) 381. 33) 33 |6| 6 
A6|\¢. 45la..45\a bln 45) 45 lees 7\7 
Ble 58le 5Bl. 58h. SY SF lamoe 8/8 
10/41 10/42 10/43 10/44 9/45 9146 9147 9 9/9 
0 0 igy 2125 2a Bil elie ee 
Uae) Bla, 32), Bol, « Bly -B0le Sere ae 
25 431, 431") 48]. 48| . 43| 43h. 4g 
3 8 541 541 54] 531 53] 53] (53 
5142 5/43 5/44 4/45 4/46 4147 4148 
sige 14ice 1a) RY 14) eee 
25} 241 24| 241 24 24] 24 
35} 34, 34} 34) 34]. 84! Ba 
44], Aa), 44) 4al oo 43) 43h ag 
531 53] 53] 53! 521 52) 52 
2\43 2|44 2/45 2146 1147 1148 1/49 
Li) ined ye Dads. sole 0 LO taal OM. ad 
9c 1D ac AQbay 18h 48h ee l8hoe 8 
Whi Wy. wv BF) ae Web 207 | sen OF) aw Be 
36} 35! 35] 35! 35| 351 35 
0 0 4a) 4aloi Adal - 48les 43) ee Asia 
E93 5Ole SQA Sela Fee Bllaw Sil eel 
2 4 59} 59] 59). 59] 581 58] 58 
3.5 7144 7145 7/46 7/47 6148 6149 6150 
ic: pluie 6-5 scant: 4 Rabie F: 4 ellaoe be. Colinas fey Atel 
QU SS. OL Ol ine. Biles OO oe 
28} 28] 28) 28] 281 27] 27 1/1 
35ie  3blkn, 3515 Shien SBlay 34) wee lo}2 
42) 41} 41) 41] 41) 40] 40] 4olloliol3/3 
| 49] 48] 48) 481 48) 47] 47 14] 4 
55144 54/45 54146 54/47 54/48 54/49 53/50 5] 9 
1145 0146 0147 0/48 Ol49 0| 59 6|6 
y 6 6 6 6 6150 5151 |\7|7 
1B} 1B/, Ble; ible, wala Wieete /8) 8 
ID. 1}i 19\e> IBIS. ables ABlaleaR 9} 9 
0 0 25) 241 24) 24|/ 94) 93! 93 | 
Phin) 2014 20ia. 20|) Obl, Obl OB leauoR 
2 3 36) 35) 35] 351 35). 34! 34 
3.5 Ae ADL 41h,3, 4ale,.40lne 401, ae 


4) 4) 

49 0/50 0/51 0 
5 4 4|52 4 
10 9 9 


1/46 1/47 1/48 1 
6). Welies Bhs 5 
11]. 1O0le 101: 10 


TABLE XXV., 
Auxiliary Arcs used in clearing the Lunar Distance. 


ae : Parts for 
) Horizontal Parallax. Sadguae dé 


, ; ; / ’ Parallax. 
54 55 56 57 58 Add 


60° | 60° | 60° 60° | 60° | 60° | 60° [2] para. 
0’ 1610’ 1810’ 19’10’ 2110’ 22”0’ 24710’ 267|0’ 27” 
20 21 : 26 29 
a re af ‘ 34 | tion for 
26 33 37 Alt. of 
28 33. | 35 39 Qor 
37 41 eh 
40 44 
42 46 
44 48 
46 50 
48 52 
51 55 
53 57 
55 
57 
59 


Correc- 


Alt. 
bee Cy Parts 
©) 


WhO SOx 
OOND Cr G20 


Soccoococoso 
Crororn ® B® & OD bd bt dH - Cros 


4/4 
8 
5 
4 
3 
2 
2 
1 
1 
0 
0 
0 
0 
0 
W) 
0 
0 


COOnNAOOL WN 
eocoocococco 


156 | TABLE XXIV. 
Correction of )’s Apparent Altitude. 


| Parts for )” )’* Horizontal Parallax. Parts for 
Min. of App sek i 
Alt. . , , “7 , , ; , ; arallax. 
Add Alt. | 54 5a 56 57 58 59 60 61 Add 


Z / “s\t. ais CONT LANA i / Wy “ys “ 2 Paral- 2 
6 0 [45 16/46 15/47 15/48 15/49 1450 14/51 14/52 13) 8] lax. |g 
4 20 19 19 19 18 18 18 Vira a 
8 25 24 24 24 23 23 pA | 22 
12 29 28 28 28 2 27 27 26 


yom 4) 16 |) 331° 33)? 331 ge? 32)’ 3116 BaeaE 
= ¢ | 20] 37} 37) 37) 36) 36) 35} 35} 35 
cee al 24], alt if 41)" 40]° 4o|’ 3918 sg)enag 
Gi os] 45). 45h “asfo aah a4a}® 43]© agile 
11 i} 13a]! 49}. 49}. ag]> asi asl’ a7j* 47h ag 
9 2 | 36] 53| 53] 53] 52! 51} 51]° 511 50 
3 3 | 40] 57]. 57] 56) 56] 55; 55} 55] 54 
44146 1147 1148 0/49 0} 59} 59] 59] 58 
48 4 4) 31 3150 251 2152 2153 1 1/1 
52 sl is}? o7[! 7p ieh. “eb (ee 2 Sees 
56) 1k" il, loli 10}, (9f ‘9f@ Jope Seino yinperes 
7 0 146 15/47 14/48 14/49 13/50 13.51 13/52 12|53 12)20/20)4 | 4 
4 1s} 17] 17] 16]. 16) 16| 15] 15)89/80)9] 95 
g | 21; 20) 20! 19! 19] 19] 18]  19)40/40)6/6 
12| 25] 24, 24] 23] 23/ 22) 22} 21450/50)7)7 
16 98} 27| 27] 261 26) 25) 25) 24 818 
00 | 20} 311 30| 30! 29! 29! 28] 28] 27 9|9 
1 you isa | | gaye 33ake 33) 32)" gol= s1Fh Sipe 
b BUN jos | a7? 36l* S36" 351- Bah>. 34h) gaa 
& 5° I321| | solo 39)? agl° 3el* 371° 37/8 gepaman 
36 | 42] 42} 41|> 41/° 4ol- 40)* 39h? 39 
Aoi) |) 451° 451° da|® 44t® -43p® 43h2 dope 
441i 4s: 4st’ 47! 47)% 46r> 45) 45}emae 
48 | 51| 51/501. 50! 49) 4g! 4s| 47 
not} gal. sat: gar? 5al? sip) Boh. sone uae 
56 | 56| 56/55, 55] 54]. 53] 53h) Sah} | 
8 0 14659147 58/48 58/49 57150 5651 56152 55/53 5D | 
4 |47 1/48 0|49 0} 59) 58] 58] 57} 57 
8 4, 3) 3150 2/51 152 1/53 0154 0 
12 6h ThE. CUBE? tapeoigh® tab e: fohk ie 
16 of gt Feb 7ES - iele  l6pe ieee ee 
6 0 tt fool) tL; iok, jot: lore: labo. ielP i7ie ae 
104 jodi ashi 12t il. (iP Aole tom tone de 
> 4idl fogd{ Bs? ast? day, -13t. <3) 1om! Tien 
6 OTP isi! a7te it? i6ti 15h i5}® Jat! TseRods 
3611. 90k 19f! isl* ist ‘174. “debe Ish ds : 
40 | 22} 21| 20} 20! ig isl. a7} 17 
44] 24 23} 22) 22] 21] 20! 19} 19 1/1 
48 | 26 251 241 241 231 22! ail ai 212 
52] 28| 27] 26 26] 25: 241 23] 23810/10}3)3 
56] 29| 29] 9281 27| 27] 261 25!  2aj20\20}4|4 
9 0 147 31/48 31/49 30|50 29/51 29152 28/53 27\54 26/30/30 515 
4}. 331, “33]° *32)° “311” *3i|' “Bol: *29) Mesigeia ya 8 
gs} 35] 341 34 331 3al 31| 30} 3049712 
121 371 36] 36l 35! 34l 33l gale 82 8/8 
16.1) 88]. 38]° B71 Bél° BSe Balt Baas 919 
00 | 20] 40! 40} 39! 38! 37) 36 36] 35 
10] 24] 42l° 42l 41} aol 39] 3sl- 3s] 37 
21 | 28] 44| 43] aol 41| 4ol 391 39) 38 
3 1/1/32 ]) wer 45] 44h a3l aol alk ain 4O 


36 47 46 45 44 43 42 42} 41 
40 48 47 47 46 45 44 43; 43 
44 50 49 48 48 47 46 45 44 
48 51] 50 49 49 48 47 46 45 
52 53 52 51 51] 50 49 48 47 
56 54 53 52 52 51 50 49 48 


TABLE XXV. 157 


Auxiliary Arcs used in clearing the Lunar Distance. 


Parts for oP : Parts for 
Min, e ) * Horizontal Parallax. Ras Hea 
| Yat 54! | 5 g/ 59! 60’ 6 1! te bei 
60° | GO° | 60° | 60° | 60° | 4 | Para-| 2 
ei 93" DH 38" 2! 49 9! 47" Ua! 51” & lax. a 
24 40.4 444° 494 53: orige 
27 43.1 47.| 52.1 56 Correc- 
29 45 | 49] 54] 58 tion for 
ie 31 48.| 52: 57:13 1 aay Of 
= 8s 33 50 54 09 3 or. 
4 35 52,1 56.13 1.1 3 Bris 
0 0 38 55 | 59 4 8 
EI 40 yk Yaa big LY 6) SE © 
Q° 1 42 3.0 4 9} 13 ° 
a4 44 2 6.1 11.) “15 38 
46 Rape 4 a ed Bl oh 
49 Go| \ del telee| oon Bt Ale 
51 9} 131 18} 92 alg 6 5 
53 12 |-.16.{..21 1-25 Ly ols ho 4 : 
7 0 |2 55 |2 59 |3 4 (3 9 [3 14 3 18 [3 23 |3 28 J2/2014]0] 9 9 
57 16 20 25 30 12 /3015]0}10 2 
59 19 | 23 | 28} 33 {3 |4016/olo9 9 
Ais 1 21 25 30 35 [4150/7] 1130 3 
4 93.0. 28.1) 3308 98 8lil4o 3 
8 Pi oa ae v2) es V fo te 60. 4 
10 30 | 35 | 40 | 45 70 5 
Le 54 oF 42 47 80 5 
14 35 | 401 45 | 50 90 5 
16 ey ae ye ey Pe 
18 39 | 44] 49 |. 54 
21 40 46.0 5S2 0 V5 
23 43 | 48 | 54 | 59 % 
25 46} 51 | 57 |4..2 el 
80 13 27 13 32/3 37 (3 43.13 48 13 54/359 4 4 alate 
29 5 | 50] 5614 1 6 ea 
32 53] 59 4 9 6) a 
34 55 14 1 Aol «hs 7 9 
36 58 4 9} 14 og 
38 54 14 0 6° bs FILE M16 9 1 
40 2 8, srt nig wo 
42 et PET EGA 122 ani h 
44 ® wars pire tics an 8 
46 Ghee nha k 27 40.6 
48 VE lak Sanu ceo 50 6 
50 Protos 1On oben ot bold 
53 16 | 22] 28] 34 mile 6 
55 {4 18 | 241 30] 36 11/10 20 0 
57 21 | 27] 331 39 |2|20 0 


rf | ee | | | 
$$ $< ff ———$ | —————_— 


Qo 

Qo 

—) 
WOONAUL WW 
p= == OOS & 


4\4 1 25s BET 3¥"t. 43 
3 | 98 | 34 | 40] 46 | 2 (50 
5 30 | 36| 42 | 48 
8 32} 39] 45] 51 
10 34.) 41.) 47.1 58 
12 36.| 43.| 49 | 55 
14 39 | 46 | 52] 58 
16 41 | 481 5415 0 
18 44 | 50] 56 3 
20 46.| 52] 58 5 
22 48 | 54/5 0 7 
25 50 | 57 ces fo 
27 


TABLE XXIV. 
Correction of )’s Apparent Altitude. 


Parts for Seconds 
of Parallax. 


CGN AD NE TE ee eee 
51 52/52 51/53 50/54 49 re 
55| 54] 58 
58] .. 57| 56 
52 1153 0] 59 
4 3/54 2/55 
Z 6 4 3 


52 9/53 8|564 7/55 6 


OONAAKWWe 


mm wm wpm He ewe Or Parts 
Oona aA dO = 


CONAMNAWMOH OS Alt. 


eee ee OOCOO 


COntAanhkwWNHe Oo 


WOnan kW Oo = 
CONAQnIAHWNHH 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


CONIAankRwWNH 
BCONAanh WWD = 


WONANAKLW=— OS 
COCO F RF Re eK = 


7|52 
6 
4 
2151 


WODNANCHRWWe 
WOmsIgAnahA wwe 


WANANAHLWNHK OS 
COCO RR See He 
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TABLE XXV. : 159 


Auxiliary Arcs used in clearing the Lunar Distance. 


9 ° 
ro F >? )* Horizontal Parallax. Parts for Seconds 
ps Alt. App. of Parallax. 
Add || Akt. 60’ | 61! Add 
on ae Ye) “10 Cs. 
‘ 60 60 Parts| Parallax.’ |Parts 
-? o / ay VA a7 
2g fio 0 5101517)" | 7 | 7 | 77 
10 16 | 23 
0 6 | 20 22 | 99 
a 30 28 35 1 O {| Correc- 
ns 40 34 41 Q 0 I|tion for 
ae 50 40 | 47 ps ie 4 Alt. of | 
Pei ) Seiad dah enue dal. [oer 
6 3 20 58 |6 5 2 es 6 | 1 | ddd 
7 4 | 30 6 4] 11 : rhe 
8 4 40 10 17 9 1 Oo W 
9 5 50 16 | 93 , ‘ 
12 0 é 6 22 |6 29 5 4 
0 0 10 28 oo 6 3 
| 20 34 | 41 LDP (Pbries 
ae 30 40 | 47 Zh ial oo 
ae 40 45 tesa ha a | Bab as) grog 
ain 50 16 2 51 filtsa fins 190 | 4eb tai is 
5 3 {13 0 {6 UP CREM beet Mean ma 
6 83 10 a Sle iy q 6 | 1 I39 3 
7 4 | 20 OW ak ae Ue Pd Me 
8 4 | 30 15 | 23 Bek iE 150" 4 
9 5 | 40 20 | 29 91 1 I6o0 4 
50 96 | 35 70 5 
14 0 |6 Ae i AP eee oe ams me bak 
5 eR He 38 | 47 Se 
ee 20 44] 53 1/0 
ou 30 50 | 59 210 
So eds (40 55 (8 5 2 |'10 |) sf ad & 
a4 50 8 1/1.) 3/290} 4 4 1 
5 $3 [15017 11 e 7 S17 >| oe dl 
6 3 10 18) [og foe Tae fh Cop ih teens 
7 4 | 20 19:{\ta9 uP time da} plats 
8 4th ido 25 | 35 Met yk Dis heg 
9 5 | 40 30 | 40 aa ee oe 
ECE) Ca RCA RL fect CAC Wi 70  vied ( 7 2 
16 0 8 42 |8 52 8 @ 
noe 10 4s | 58 LS iat 
: a 20 54 19 4 1 | 0 fi0 1 
5 30 § 0 fi10 2] 0 {20 0 
me 40 5 fefis M2 liao.J: eek a i80-'0 
As 50 11} 91/41/20] 411 [40 o 
5 3 {170 G17 10.87 [ped cohen ab. $20 0 
AS iG 93 33 | 7 | 40] 6 1 460 0 
7 4 | 20 28 (gg) Bh? MO: Feiteg tT 4203.0 
3 4 | 30 341 45 ane wie 
9 5 4 40 40 | 50 91 2 f 
50 45 56 
18 0 9 51 110 2 
10 57 8 
, 90 102| 14 110 
ah 80 8 | 20 a1 16 
5 40 14/ 95] 2/10] 3] 1 
ro: 50 i9} 311 4]20] a4 1 
5 8 |19 0 \9 97 1025 11037 4 7 a ! 
6 8 10 el dae CN eed PS : 
7 4 | 20 37 | 49 x 
8 4 30 43 | 55 ma he 
9 5 40 48 |11 0 
53 |11 6 | 


TABLE XXIV. 
Correction of )"* Apparent Altitude. 


Parts for Seconds 
of Parallax, 
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161 
Auxiliary Arcs used in clearing the Lunar Distance. 
iy i )* Horizontal Parallax . | Parts for Seconds |. 
)’s ‘Alt. ape : f jt ee of Parallax, 
Add, 57 58 59 60 61 Add 
= Eno! &n°_| eno) ano lvene toa 
2 60 60 60 609 | 60° Parts| Parallax, [Pat Parallax. | Parts’ 
22 (0/10 y 10 4s 10 47116 S9)11 fa | 
F 98 53/11 5}. 18 2 
09 34| * 46) ° 581°" 10) ~ 93 Ea 
ae 39; 52/11 4) 16] ~~ «29 OP OC ee 
12 3 Age” 574" 91 907 ™ 351 20 0 peltot 
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2 | 99954] 00366) 4 | 99634} 00990} 7 | 99010} 01919) 10 | 98081] 27 
2 | 99951} 00374} 4 | 99626] 61003} 8 | 98997} 01937] 11 | 98063] 26 
2 | 99948] 00382} 4 | 99618} 01016] 8 | 98984] 01955] 11 | 98045} 25 
2 | 99945] 00390] 5 | 99610} 01029} 8 | 98971] 01973) 11 | 98027) 24 
2 | 99942] 00398} 5 | 99602] 01043} 9 | 98957] 01992) 12 | 98008] 23 
2 | 99939} 00406} 5 | 99594] 01056} 9 | 98944] 02010] 12 | 97990] 22 
2 | 99936} 00415} 5 | 99585} 01069] 9 | 98931] 02028] 12 | 97972) 21 
2 | 99932] 00423) 6 | 99577} 01083} 9 | 98917} 02047) 13 | 97953] 20 


ee eS eS ee SSS ee eee 


02066] 13 | 97934] 19 
02084] 13 | 97916] 18 
| O21t03} 14 | 97897] 17 


99929} 00432 
99925} 00440 
99922} 00449 
99918} 00458 
99914] 00466 
99911} 00475 
99907] 00484 
99903} 00493 
99898} 00503 
99894} 00512 


eee ES ee ee ee ee ey Re 


99890} 00521 02257] 16 | 97743 
99886} 00531 
99881} 00540 
99877} 00550 
99872} 00559 
99867] 00569 
99863] 00579 
99858} 00589 
99853} 00599 
99848} 00609 01370} 14 


8 |) Se eS a ee eee el 


| 02122] 14 | 97878] 16 
| 02141] 14 | 97859] 15 
02160] 15 | 97840) 14 
| 02179} 15 | 97821] 13 
02198] 15 | 97802] 12 
02218] 16 | 97782] 11 
02937| 16 | 97763] 10 
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02276| 16 | 97724] 8 
02296] 17 | 97704] 7 
02316] 17 | 97684 6 
02335| 17 | 97665] 5 
02355| 18 | 97645] 4 
| 02375] 18 | 97625] 3 
02395| 18 | 97605] 2 
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02416] 19 | 97584 
02436} 19 | 97564 
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“TABLE XXVIIL. 


Decimal Versed and Suversed Sines. | 


eae as x 
‘ay Parts Parts Patts|_ 7 4 bx p ii 
[Vvers. | Vers. | for rs. | for | Suverss| Vers. | for | Suvers.f Vers. | for | Stvers#L Suv, J} 

uw " i) 3 


~ 
— 


92546 
92511 
92475} - 
92439 
92404 
92368 
92332 


1 07454 
| 07489 
| 07525 
| 07561 
1 07596 
1 07632 
| 07668 
§ 07704 
| 07740 
| 07776 
+ 07813 
} 07849 
| 07885 
| 07922 
1 07958 
§ 07995 
| 08032 
; 06007 | 08069 

06039 1 08106 

06071 ‘ | 08143 

06103 97} 08180 


06135 {| 08217 
04383 8167 : | 08254 
04411] 9} 06200 | 08291 
04438 5621 06232 | 08329 
04465 95535} 06264 | 08366 
04493 06297 8703} 08404 
04520 5480] 06330 936 08442 
04548 5452) 06362 08479 
04576} 1é : 06395 08517 
04604} 1é¢ 06428 08555 


04632 368] 06461 3539] 08593 
04660 06494 935061 08631 
| 04688 06527 | 08669 
04716 06560] 15 | 08708 
04744 95256} 06594 | 08746 
04773 95227) 06627 33731 08784 
04801 5199] 06661 93339} 08823 
04829] 19 |. 9: 06694} 22 | 93306] 08862 
04858 5 06728 932721 08900 
04887 06762 932381 08939 


04916 9: 06795] 23 | 93205] 08978 
| 03363 96637| 04944 5056] 06829 93171} 09017 
| 03386 04973 06863] 24 | 93137] 09056 
1 03410 ‘ 05002 998] 06897 93103} 09095 
| 03434 05031 4969} 06931 93069} 09134 
| 03459] 19 | § 05061 ‘ 06966 93034] 09173 
| 03483 96: 05090 ‘ 07000 93000] 09213 
| 03507 96493! 05119] 23 | < 07034 92966} 09252 
| 03531 96469} 05149 07069 92931} 09292 
| 03556 + 05178 07103] 29 | 92897} 09331 


03580 96420: 05208] 25 | 947921 07138 92862} 093871 
| 03605 96395} 05237 947631 07173 92827; 09411 
| 03630 96370] 05267] 26 | 94733] 07208 92792} 09451 
03655] 2 96345% 05297 94703] 07243 927574 09490 
| 03680. ‘ 05327 946731 07278 92722} 09531 
| 03705 295) 053857 92687} 09571 
| 03730 3270! 05387 } 92652) 09611 
03750 } 05417} 29 | § 92617) 09651 

03780 96220} 05448 ¢ 92582) 09691 
» 03805 96195} 05478] 2° ‘ 4 92546; 09732 


j= 


05478 
05509 
05539 
05570 
05600 
05631 
05662 
05693 
05724 
05755 
05786 


05818 
05849 
05880 
05912 
05944 
05975 
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Parts Parts Parts Parts 
Suvers.} “for | Vers. } Suvers.| for » | Suvers.| for | Vers. | Suvers.} gop 
” 


wt 


i wr m” fy Wool. 
H vers. | LSuv. 
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‘TABLE ‘XXVIII. 7" 


Decimal Versed and Suversed Sines. 


10° 


uI° 


Parts Parts 

for |Suvers. Suvers.} Vers. | for | Suvers.{' Vers. | fpr | Suvers. 

7 " " 

0 87688] 15192} 0 | 84808] 18373] 0 | 81627 

1 87643] 15243; 1 | 84757) 18428] 1 | 81572 

1 87597} 15293] 2 | 84707] 18484] 2 | 81516 

2 87551} 153844} 3 | 84656] 18540] 8 | 81460 

3 87506] 15395; 3 | 84605f 18595] 4 | 81405 
: 3 87460] 15446} 4 | 845547 18651} 5 | 81349 
: aL 87414) 15497) 5 | 84503] 18707] 6 | 81293 
; 5 87368} 15548] 6 | 84452) 18763] 7 | 81237 
3 6 87322] 15599| 7 | 84401} 18819; 7 | 81181 

6 87275} 15650| 8 | 843850] 18876] 8 | 81124 

sf 872291 15701; 9 | 842997 18932! 9 | 81068 


ee ee ee ee ee ey pee) ee a A Pa, oe a Sen) pee eee Same 


f 19959) 27 
| 16692} 25 | 833084 20017} 28 


: 8 87183} 15753] 9 | 84247} 18988} 10 | 81012 
8 87136} 15804} 10 | 84196} 19045} 11 | 80955 
9 87090} 15856| 11 | 84144) 19101] 12 | 80899 
10 87043} 15908] 12 | 84092} 19158] 13 | 80842 
10 86996) 15959| 13 | 84041] 19215] 14 | 80785 
11 86950] 16011) 14 | 83989} 19271] 15 | 80729 
12 86903} 16063! 15 | 839374 19328] 16 | 80672 
12 86856] 16115| 16 | 83885} 19385] 17 | 80615 
13 86809] 16167| 16 | 83833] 19442] 18 | 80558 
: 14 86762} 16219} 17 | 83781} 19499] 19 | 80501 
; 14 86714] 16271| 18 | 83729] 19557] 20 | 80443 
; 15 86667] 16324| 19 | 83676} 19614| 21 | 80386 
, 16 86620! 16376| 20 | 83624] 19671] 22 | 80329 
17 86572} 16428] 21 | 83572) 19729] 23 | 80271 
17 86525} 16481] 22 | 83519] 19786] 24 | 80214 
18 86477] 16534] 22 | 83466] 19844] 25 | 80156 
19 86429} 16586| 23 | 83414) 19902] 26 | 80098 


21 86286] 16745| 26 | 832551 20075] 29 | 79925 
92 86238 ! 

23 86189! 16851| 28 | 83149} 20191] 31 | 79809 
24 86141] 16904] 29 | 83096 20250] 32 | 79750 


86093} 16958} 30 | 83042f 20308] 33 


| 16798| 27 | 83202) 20133! 30 | 79867 


26 86045} 17011] 31 | 82989} 20366] 34 | 79634 
26 85996} 17065| 32 | 82935] 20425] 35 | 79575 
27 85948) 17118] 33 | 82882 20483] 36 | 79517 
28 85899] 17172| 34 | 82828) 20542] 37 | 79458 
98 85850] 17226] 35 | 82774! 20601] 38 | 79399 
29 85801] 17279| 36 | 82721} 20659] 39 | 79341 
30 85752) 17333] 37 | 82667] 20718] 40 | 79282 
: 31 85704} 17387| 38 | 82613] 20777] 41 | 79223 
32 85654] 17441] 39 | 82559} 20836] 42 | 79164 
32 85605) 17495] 40 | 82505} 20895) 43 | 79105 
33 85556] 17550] 41 | 82450) 209541 44 | 79046 
34 85507; 17604] 41 | 82396} 21014] 45 | 78986 
35 85457} 17658| 42 | 823421 21073] 46 | 78997 
35 85408} 17713] 43 | 822871 21133! 47 | 78867 
f 36 85358} 17767| 44 | 82933] 21192! 48 | 78808 


21252) 49 | 78748 


21311} 50 | 78689 
21371] 52 | 78629 
21431} 52 | 78569 
21491) 54 | 78509 
21551) 55 | 78449 
21611} 56 | 78389 
21671) 57 | 78329 


85309; 17822) 45 | 82178) 


91 17877| 46 | 82123} 
17931| 47 | 82069) 
17986] 48 | §2014| 
91 18041] 49 | 81959) 
1 18096] 50 | 81904 
9} 18151] 50 | 81849} 
9! 18207] 51 | 81793} 
9) 18262] 52 81738} 21732! 58 78268 

18317} 53 | 81683] 21792] 59 | 78208 
18373] 54 | 81627] 21852] 60 | 78148 


rn mf af peter TAL 


Parts é Parts 
for | Vers. | Suvers | for | Vers. | Suvers.} for | Veis. 
" wt 


1 170° 169° 


Parts 
Suvers, for | Vers. 
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Decimal Versed and Suversed Sines. 


, 18° 14° 


" ” 
Parts Parts Parts ] 

vers., Vers. | for | Suvers.| Vers. | for | Suvers.J Vers. | for | Suvers. j Suvers.iL Suv. 
VW 


ee ————_—— os OOOO 
Ss | $$ anne eee | - 


0 21852 78148] 25630 70296 65926 
1 21913 78087] 25695 70225 65851 
2 | 21973 78027] 25761 ‘ 70155 65775 
3 22034 77966| 25827 é 70084 : 65700 
4 22095 77905} 25892 70014 65624 
5 22156 77844] 25958 69943 65548 
6 29917 77733) 26024 69872 65473 
7 22978 77722) 26090 69801 65397 
8 # 29339 77661} 26156 69730 65321 
9 22400 77600] 26222 
10 22461 77539) 26288 
11 22523 77477} 26355 
12 | 29584 77416; 26421 
13 | 29646 77354| 26488 
14 | 22707 77293) 26554 
15 | 22769 779311 26621 
16 | 22831 77169] 26687 
a7 29892 77108] 26754 
18 | 22954 77046] 26821 
19 | 23016 76984] 26888 
20 | 23078 76922) 26955 
21 23141 76859) 27022 
22 | 23203 76797| 27089 
23 23265 76735| 27157 
24 | 23398 | 27224 
25 | 23390 | 27292 
26 | 23453 27359 
27 | 23515 | 27427 
28 | 23578] 2 27494 
29 | 23641) : | 27562 
30 | 23704 | 27630 
31 | 23767 | 27698 
32 | 23830 | 27766 
83 | 23893 | 27834 
34 | 23956 | 27902 
35 | 24020 | 27971 
36 | 24083 5917; 28039 
37 | 24147 : 28107 
38 | 242910 | 28176 
39 | 24974 | 28245 
40 | 24338 | 28313 
41 } 24401 | 28382 
42 | 24465 28451 
43 | 24529 28520 
44 } 24593| 46 | 75407] 28589 
45 | 24658 75842] 28658 
46 | 24722 75278] 28727 
47 | 24786 75214] 28796 
48 | 24851 75149] 28866 
49 | 24915 75085} 28935 
50 {| 24980 75020) 29005 
51 25044 74956| 29074 
52 |} 25109 74891| 29144 
538 | 95174 74826} 29214 
54 | 25239 74761} 29283 
55 | 25304 74696} 29353 
56 | 25369 74631} 29423) 
57 | 25434 74566! 29493) 
58 | 25499 74501! 29564 
59 | 25564 74436| 29634 
60 | 25630 74370) 29704 
Pp. P. Parts Parts 
Suvers.| for | Vers. | Suvers. s. | Suvers.| for Suvers.| for | Vers. 


" ” 
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Decimal Versed and Suversed Sines. 
18° 19° 


/ 


" 


Parts Parts 
Ve Hid Vers. ‘ 


Vers. | for | Suvers.| Vers. | fop 


Parts 
for | Suvers. Suvers. 
" 


es | | | | | | J — | | —— |] | 


38738 61262 48943} O | 51057} 54481; 0O 
38818 61182 49033) 2 | 50967] 54576] 2 
49123 50877| 54671; 3 
49213 50787} 54766) 5 
49304 50696] 54861; 6 


3 

5 

6 
8 | 50606] 54956) 8 
9 | 50516} 55051} 10 
49575] 11 | 50425} 55146; 11 
49665} 12 | 50335} 55242) 13 
14 | 50244} 55337) 14 
15 | 50154] 55432) 16 


49937| 17 | 50063] 55528; 18 
50028} 18 | 49972! 55624) 19 
50119} 20 | 49881] 55719) 21 
50210} 21 | 49790} 55815] 22 
50301} 23 | 49699] 55911] 24 
50392) 24 | 49608] 56007) 26 
50483] 26 | 49517} 56103} 27 
50574| 27 | 49426] 56199} 29 
50666| 29 | 493341 56295) 30 
50757| 30 | 49243] 56391} 32 


BOONIAAHRWWrY OS 


De eS es 


50849; 32 | 49151) 56488) 34 
50940| 33 | 49060) 56584} 35 
51032] 35 | 48968] 56681) 37 
51124] 36 | 48876) 56777| 38 
51216} 38 | 48784! 56874| 40 
51308} 39 | 48692) 56971} 42 
51400] 41 | 48600} 57068] 43 
51492| 42 | 48508] 57164) 45 
51584] 44 | 48416] 57261) 47 
51676| 46 | 48324; 57358) 48 


51769} 48 | 48231) 57456; 51 
51861] 50 | 48139! 57553) 52 
51954] 51 | 48046! 57650) 54 
52046| 53 | 47954) 57747) 56 
52139} 54 | 47861] 57845] 57 
52232| 56 | 47768] 57942| 59 
52324| 57 | 47676; 58040) 60 
52417| 59 | 47583! 58138) 62 
52510] 61 | 47490] 58236) 64 
52603] 62 | 47397; 58333] 66 


52696| 64 | 47304] 58431) 67 
52790| 65 | 47210] 58529) 69 
52883] 67 | 47117] 58628) 71 
52976| 68 | 47024] 58726) 72 
53070| 70 | 46930} 58824| 74 
58163) 71 | 46837) 58922) 75 
53257| 73 | 46743) 59021| 77 
53351] 75 | 46649} 59119) 79 
538444] 76 | 46556] 59218) 80 
53538| 78 | 46462] 59316; 82 


53632| 79 | 46368] 59415) 84 
53726| 81 | 46274) 59514) 85 
58820| 82 | 46180] 59613) 87 
538915) 84 | 46085} 59712) 89 
54009; 85 | 45991] 59811) 90 
54103} 87 | 45897] 59910) 92 
54198] 88 | 45802} 60009; 94 
54292) 90 | 45708} 60109) 95 
54387| 92 | 45613} 60208) 97 
54481} 93 | 45519] 60307; 98 


rts 


Pa Parts P 
Suvers.| for | Vers. | Suvers.| for | Vers. | Suvers.| for 
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Suvers. [ suv] 


45519 
45424 
45329 
45234 
45139 
45044 
44949 
44854 
44758 
44663 
44568 


44472 
44376 
44281 
44185 
44089 
43993 
43897 
43801 
43705 
43609 


43512 
43416 
43319 
43223 
43126 
43029 
42932 
42836 
42739 
42642 


42544 
42447 
42350 
42253 
42155 
42058 
41960 
41862 
41764 
41667 
41569 
41471 
41372 
41974 
41176 
41078 
40975 

40881 
40782 
40684 


40585 
40486 
40387 
40288 
40189 
40090 
39991 
39891 
39792 
39693 
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TABLE XXVIII. 


Decimal Versed and Suversed Sines. 


20° 21° Qe oe 


bis | Parts 
Vers. Vers. for 


Suvers.}| Vers, 


a0) 60307} 0 | 39693] 66420} O | 33580] 72816] O | 27184} 79495| 0 | 20505} 60 
1 60407] 2 | 89593] 66524] 2 | 33476] 72925); 2 | 27075} 79609] 2 | 203891} 59 
Q { 60506} 3 | 39494] 66628} 4 | 33372] 73034] 4 | 26966] 79723) 4 | 20277} 58 
3 60606} 5 | 39394] 66733} 5 | 33267} 73143] 5 | 26857] 79836] 6 | 20164] 57 
4 } 60706) 7 | 39294) 66837] 7 | 33163] 73253] 7 | 26747] 79950| 8 | 20050] 56 
5 { 60806} 8 | 39194} 66942) 9 | 33058] 73362] 9 | 26638] 80064] 10 |. 19936] -55 
6 {| 60906} 10 | 39094] 67046] 11 | 32954] 73471] 11 | 26529] 80178] 11 | 19822} 54 
7 { 61006; 12 | 38994] 67151] 12 | 32849} 73581] 13 | 26419} 80293] 13 | 19707] 53 
g | 61106! 13 | 38894] 67256] 14 | 32744] 73690} 15 | 26310} 80407] 1& | 195934 52 
9 | 61206] 15 | 38794] 67361) 16 | 32639] 73800] 17 | 26200] 80521] 17 | 19479] 51 

10 61306| 17 | 38694! 67466] 18 | 32534] 73910] 18 | 26090} 80636] 19 | 193641 50 
11 § 61407; 18 |,88593} 67571] 19 | 382429} 74019) 20 | 25981] 80750] 21 | 19250} 49 
12 |} 61507} 20 | 384931 67676| 21 | 32324; 74129) 22 | 25871} 80865] 23 | 19135} 48 
13 }| 61607} 22 | 38393} 67781] 23 | 32219} 74239! 24 | 25761] 80979| 25 | 19021] 47 
14 | 61708} 23 | 38292} 67887] 25 | 32113] 74349} 26 | 25651] 81094] 27 | 189061 46 
15 61809} 25 | 38191] 67992] 26 | 32008} 74459} 28 } 25541} 81209! 29 | 18791] 45 
16 | 61909} 27 | 88091; 68098} 28 | 319021 74570} 29 | 25430] 81324) 31 | 18676] 44 

17. | 62010] 28 | 37990] 68203] 30 | 31797{ 74680; 31 | 25320] 81439] 33 | 18561] 43 

18 { 62111}. 30 | 37889] 68309} 32 | 31691} 74790) 33 | 25210; 81554] 35 | 18446] 492 

19 | 62212; 32 | 37788] 68414] 33 | 31586; 74901] 35 | 25099] 81669} 37 | 18331] 41 

20 | 62313) 34 | 37687} 68520] 35 | 31480] 75011} 37 | 24989} 81784} 88 | 18216} -40 

Q1 62414] 35 | 37586] 68626) 37 | 31374] 75122} 39 | 24878; 81899} 40 | 18101} 39 

22 | 62515|] 87 | 37485] 68732] 39 | 31268] 75232} 40 | 24768} 82014) 42 | 17986) 38 

23 62617} 89 | 87383} 68838] 40 | 31162] 75343) 42 | 24657) 82130] 44 | 17870] 37 

24 | 62718) 40 | 37282) 68944] 42 | 31056] 75454! 44 | 24546} 82245] 46 | 17755) 36 

25 | 62819] 42 | 37181} 69050] 44 | 30950] 75565) 46 | 24435] 82361) 48 | 17639} 35 

26 62921} 44 | 87079] 69157] 46 | 30843] 75676) 48 | 243824] 82477] 50 | 17593) 34 

27. +1 63023) 46 | 36977) 69263] 48 | 30737) 75787) 50 | 24213} 82592] 52 | 174081 33 

28 | 63124| 47 | 368761 69369] 50 | 30631] 75898] 52 | 24102] 82708] 54 | 172921 32 

29 | 63226] 49 | 36774] 69476] 52 | 30524] 76009} 54 | 23991] 82824! 56 | 17176) 31 

30 | 63328] 51 | 36672] 69582] 53 | 30418} 76120] 56 | 23880! 82940] 58 | 17060] 30 

31 | 63430] 53 | 36570] 69689] 55 | 30311} 76232} 58 | 23768] 83056] 60 | 16944 29 

32 63532} 55 | 36468] 69796) 57 | 30204} 76343; 60 | 23657] 83172] 62 | 16828] 28 

33 63634| 57 | 36366] 69903} 59 | 30097| 76455) 62 | 23545] 83288] 64 | 16712] 927 | 

34 63736| 58 | 36264] 70009] 61 | 29991] 76566) 64 | 23434] 83404] 66 | 16596] 926 

35 63838] 60 | 36162] 70116] 63 | 29884] 76678) 65 | 23322] 83521] 68 | 16479] 25 

36 63940] 62 | 36060] 70223] 65-| 29777} 76790} 67 | 23210} 83637] 70 | 16363] 24 

37 | 64043} 63 | 35957] 70331] 67 | 29669] 76902! 69 | 23098] 83754] 72 | 16246] 23 

38 64145] 65 | 35855] 70438} 69 | 29562] 77013) 71 | 22987] 83870] 74 |.161380] 22 

39 64248| 67 | 35752} 70545] 71 | 29455] 77125) 73 | 22875} 83987] 76 | 16013] 21 

40 64350] 69 | 35650] 70652! 72 ; 29348] 7.7238] 75 | 22762] 84104] 78 | 15896} 20 

41 64453| 70 | 35547} 70760] 74 | 29240] 77350} 77 | 22650) 84220] 80 | 15780] 19 

42 64556| 72 | 35444] 70867] 76 | 29133] 77462) 79 | 22538} 843837] 82 | 15663] 18 

43 64659| 74 | 35341] 70975] 78 | 29025] 77574) 81 | 22426) 84454} 84 | 15546] 17 

44 64762| 75 | 35238] 71083] 80 | 28917] 77687] 83 | 22313] 84571] 86 | 15429] 16 

45 64865] 77 | 3851385} 71190] 81 | 28810} 77799| 84 | 22201] 84688] 88 | 15312} 15 

46 64968) 79 | 35032] 71298] 83 | 28702] 77912) 86 | 22088} 84806] 90 | 15194] 14 

47 | 65071} 81 | 34929] 71406} 85 | 28594} 78024} 88 | 21976] 84923] 92 | 15077] .13 

48 65174| 82 | 34826] 71514|.87 | 28486] 78137; 90 | 21863} 85040] 94 | 14960] 12 © 

49 65278| 84 | 34722] 71622) 89 | 28378] 78250) 92 | 21750} 85158] 96 | 14849) 11 

50 65381] 86 | 34619] 71730] 90 | 28270} 78362) 94 | 21638] 85275) 98 | 14725) 10 

51 65485} 87 | 34515] 71839} 92 | 28161} 78475] 96 | 21525] 85393)100 | 14607 9 

52 65588} 89 | 34412} 71947) 94 | 28053} 78588; 98 | 21412) 85510|102 | 14490 8 

53 65692} 91 | 34308] 72055) 96 | 27945} 78701/}100 | 21299; 85628)104 | 14372 7 

54 65795} 93 | 34205] 72164] 98 | 27836] 78815/101 | 21185] 85746/106 | 14254 6 

95 65899} 95 | 34101] 72272/100 | 27728] 78928/}103 | 21072] 85864/108 | 14136 5 

56 66003) 96 | 33997] 72381|101 | 27619] 79041/105 | 20959} 85982]110 | 14018 4 

57 66107) 98 | 38893] 72490/103 | 27510) 79154/107 | 20846] 86100)112 | 13900 34 

508 66211|100 | 33789} 72598]105 | 27402] 79268)109 | 20732) 86218|114 | 13782 2. 
59 66315|101 | 33685] 72707|107 | 27293) 79381/110 | 20619} 86336)116 | 13664 i” 
60 66420103 33580] 72816/109 | 27184] 79495)112 | 20505} 86454/118 |} 138546]-- 0 
Suvers. he Vers. | Suvers,. gf oA Vers. | Suvers, gy Vers. | Suvers, gi Vers, H Page ; 
" " " w" " teow i : 
Feta oe Poured 


159° 158° 1572 +-~—1| ae 


10) sa 
Decimal Versed and Suversed Sines. 
N 25° 96° Qr° 


” 


" 
Parts Parts Parts Parts 
Vers} Vers. | for | Suvers.| Vers. | fo; | Suvers.| Vers. | for | Suvers.| Vers. fpr | Suvers. Sava 
j < " 


98794 
98667 
98539 
9841] 
98283 
98156 
98028 
94555 Le 97900 
94678 532° 97772 
94802 é ‘ 976438 
94925] ¢ B 97515 


95049 04951} 02613 97387 
951738 04827} 02742 } | 97258 
95297 04703; 02870 97130 
95421) 29 | 04579] 02999 97001 
95545] € 04455} 03127] < 96873 
03256 96744 
03385 96615 
03514 96486 
03642 96358 
03771 96229 


03901 
04030 
04159 
04288 
04418 
04547 
04677 
04806 
04936 
02585) 05066 


02460} 05195 
02335] 05325 
02209] 05455 
02084} 05585 
- 01958] 05716 
01833] 05846 
01707} 05976 
01581} 06106 
01455! 06237 : 
01329} 06367 : ¢ 85664 


91370 08630 : 01203] 06498} 89 | 93502 85529 
91492 08508 : 01077} 06629 93371 } 85394 
91613 08387] 9f 00951} 06759 93241} 1 85258 
91735 08265} 99175} 92 | 00825] 06890) § 93110 85123 
91857 08143} 99: 00698] 07021} 5 92979 84988 
91979 08021; 99- 00572] 07152 
92100 07900; 9S : 00445} 07283 
92222 077781 9S 00319} 07414 
92345 07655} 9k 00192} 07545 
92467|100 | 07583] 999° 00065] 07677 


92589, 102 | 07411 99939! 07808 9% 15826 
92711|104 | 07289 9 | 99812} 07939 31] 15962 
92833)106 | 07167| 00¢ 99685} 08071 915 16098] 115 
92956|109 | 07044 3 | 99558} 08202 91798} 16234/121 
93078/111 | 06922 ¢ 99431} 08334 91666} 16370|124 
93201/113 | 06799 99304] 08466 16507] 126 
93324|115 | 06676 99176] 08598 ‘ 16643 
93446|117 | 06554 99049} 08729|126 | 912 16779 
93569\119 | 06431 98922] 08s61)125 39} 16916}133 
93692|121 | 06308 127 | 98794] 08993 


. Parts Parts Parts Parts 
Suvers.| gor | Vers. | Suvers.! for | Vers. | Suvers.| pop | Vers. | Suvers.} for | Vers. 


tl " " " 


: $59°--——-jf +1599 


TARLE XXWis 


Decimal Versed and Suversed Sines. 
28° 30° } 


, 

[: t Parts s Parts Parts| . [ 

Vers.j} Vers. | for | Suvers. Se Suvers, ‘ss | for | Suvers.| Vers. | for | Suvers-|L Suv, 
" u 


17052 82948 74620 42833 57167 
17189 82811 74479 42983 57017 
17326 82674 74338 43132| 5 | 56868 
17462 82538 74196 43282| 8 | 56718 
17599 82401 74055 43433] 10 | 56567 
17736 82264 73914 43583| 13 | 56417 
17873 82127 73772 43733| 15 | 56267 
18010 81990 é 73631 43883| 17 | 56117 
18147 81853 ; 73489 44034| 20 | 55966 
18284 81716 73348 44184| 22 | 55816 
18422 81578 73206] 3: 44334| 25 | 55666 


| 18559 81441 73064 64421] 44485] 27 | 55515 
18696 81304 72922 64275| 44636] 30 | 55364 
18834 81166 72780 64128] 44786] 32 | 55214 
18972 81028 72638 63982] 44937] 35 | 55063 
19109 80891 72496 63836] 45088] 38 | 54912 
19247 80753 } 72354 63689] 45239] 40 | 54761 
19385 80615 72242 : 63542] 45390] 43 | 54610 
19523 80477 72069 63396] 45541| 45 | 54459 
19661 80339 71927 63249] 45692} 47 | 54308 
19799 80201 71784 } 63102] 45844] 50 | 54156 


19937 80063 71642 62955] 45995} 52 | 54005 
20075 79925 71499 62808] 46146] 55 | 53854 
20213 79787 71357 62661} 46298! 57 | 53702 
20351 79649 71214 62514} 46449} 60 | 53551 
20490 79510 71071 62366] 46601} 62 | 53399 
20628 79372 70928 62219] 46752] 65 
20767 79233 70785 62072] 46904] 67 
20905 79095 70642 61924] 47056| 70 
21044 78956] 25 70499 61777) 47208] 78 
21183 78817 70356 61629] 47360| 76 


21322 78678 70212 61482] 47512] 78 
21461 78539 70069} 61334] 47664| 81 
21600 78400 69926 . 61186}. 47816} 83 
21739 78261 69782 61038] 47968| 85 
21878 78122 69639 60890] 48121] 88 
22017 77983 69495 60742| 48273] 90 
22156 77844 69351 60594} 48425] 93 
22296) 85 77704 69207; 35 60446} 48578] 96 
22435 77565 69064 60298} 48731 
22575 77425 68920 60149} 48883 


22714 77286 68776 60001} 49036 
22854 77146 68632 59852} 49189 
22994|100 | 77006 68487 59704| 49342 
23133|}102 | 76867} < 68343 59555} 49495 
23273|105 | 76727 68199 59406] 49648 
23413)107 | 76587 68054 59258] 49801 
23553|109 | 76447 67910 59109} 49954 
23693|112 | 76307 ‘ 67766 58960; 50107 
23833114 | 76167 67621 58811} 50261 
23974|117 | 76026 67476 58662] 50414 


241141119 | 75886 67331 58513] 50567 
24254/122 | 75746 67187 58364! 50721 
24395|124 | 75605 67042 58214] 50875 
24535|126 | 75465 66897 58065) 51028 
24676|129 | 75324 66752 57916} 51182 
24817|131 | 75183 66607 : 57766] 51336 
24958|133 | 75042 66461 57616| 51490 
25098136 | 74902] 3¢ 66316 57467) 51644 
25239|138 | 74761] 33829 66171 57317} 51798 
25380|140 | 74620} 33975 66025 57167} 51952 


GOON AXTH WHE Oo 


Parts Parts Parts 
Suvers.| for | Vers. | Suvers.| for | Vers. |Suvers.| for | Vers. | Suvers. 
" 


150° 


TABLE XXVIII. 


Decimal Versed and Suversed Sines. 


33° 


Parts 
Suvers. Ss Suvers. ‘S. - | for | Suvers. 
it 


48048 38671 
47894 38512 
47740 38354 
47585 38195 
47431 38035 
47277 37878 
47122 37719 
46967 37560 
46813 37401 
46658 37242 
46503 37083 


46348 36924 
46193 36764 
46038 36605 
45883 36446 
45728 36286 
45573] 6¢ 36127 
45417 35967 
45262 35807 
45106 35648 
44951 35488 


44795 35328 
44640 85168 
44484 85008 
44328 84848 
44172 34688 
44016 384528 
43860 34367 
43704 384206 
43548 34046 
43391 33886 


43235 33725 
43079] 6 33565 
49929 33404 
49766 33243 
42609 } | 838082 
42452 32921 
42296 32760 
42139 82599 
41982 32438 
41825 32277 113 


41668] 6 32115 115 
41511 81954 118 
41354 381793 121 
41196] 6 9 | 31631 124 
41039 31470 127 
40882 } 31308 130 
40724 ‘31146 : 153 
40567 1 30984 136 
40409 2 | 80823] 7% 139 
40251| 6 é 30661 142 


40094| 6950 30499 94471144 
39936 30337 147 
39778 ; 30174 150 
39620 3 | 80012 155 
39462 29850 156 
39304 ¢ 159 
39146 162 
38987] 70637|156 164 
38829] 70800] 159 167 
38671] 70962! 162 170 


Parts Par Part 
Vers. | Suvers. . | Suvers, Ar! 


Sa MEH RP MT Sea 


184 TABLE XXVUL 


Decimal Versed and Suversed Sines. ial 
see 38° a 


f Parts Parts Parts [ : ] 
Lvers.| Vers. | for | Suvers.| Vers. | for | Suvers.] Vers. | for | Suvers.| Vers. | for |Suvers. fl Suv. 
wy wt " 


Me ea. ee eee) See a SS eae) eS wir manintae) POLARS) Hsu eaten Pee) Fn 


5 0 | 90983] 0 | 09017] 01364} 0 | 98636] 11989] 0 | 88011] 22854| O | 77146] 60 
i 1 $ 91154} 3 | 08846} 01540] 3 | 98460] 12168] 38 | 87832] 23037] 3 | 76963] 59 
f 2 | 91325} 6 | 08675] 01715} 6 | 98285] 12348] 6 | 87652} 23220! 6 | 76780} 58 
h 3 91496| 9 | 08504] 01890] 9 | 98110] 12527] 9 | 87473} 23404] 9 | 76596] 57 7 
i 4 | 91667] 11 | 08333! 02065] 12 | 97935] 12706| 12 | 87294] 23587] 12 | 76413} 56 : 
i 5 91839] i4 | 08161] 02241! 15 | 97759] 12886] 15 | 87114] 23770! 15 | 76230] 55 
6 | 92010) 17 | 07990] 02416) 18 | 97584] 13065} 18 | 86935; 23954] 18 | 76046} 54 
k 7 ¥ 92181] 20 | 07819} 02592! 20 | 97408] 13244] 21 | 86756] 24137] 21 | 75863} 53 
; 8 92353! 23 | 076471 02767| 23 | 97233] 13424] 24 | 86576! 24321] 24 | 75679) 52 
: 9 | 92525} 26 | 07475] 02943] 26 | 97057] 13604] 27 | 86396} 24504} 27 | 75496] 51 fl 
i 10 | 92696] 29 07304] 03119] 29 | 96881 13783| 30 | 86217] 24688] 31 | 75312} 50 ‘t 
: 11 | 9286s] 32 | 07132] 03294] 32 | 96706] 13963| 33 | 86037| 24872| 34 | 75128] 49 : 
12 # 93040] 34 | 06960} 03470} 35 | 96530] 14143} 36 | 85857]| 25056] 37 | 74945] 48 
13 | 93211) 37 | 06789! 03646] 388 | 96354] 14323] 39 | 85677) 25239] 40 | 74761} 47 
14 93383] 40 | 06617] 03822! 41 | 96178] 14503] 42 | 85497) 25423; 43 | 74577] 46 
15 93555} 43 | 06445} 03998] 44 | 96002] 14683] 45 | 85317] 25607| 46 | 74393] 45 : 
16 | 93727| 46 | 96273) 04174} 47 | 95826] 14863] 48 | 85137} 25791! 49 | 74209] 44 ‘ 
17 | 93899} 49 | 06101] 04350} 50 + 95650} 15043} 51 | 84957] 25976| 52 | 74024] 43 b 
i 18 § 94072| 52 05928 04527| 53 | 95473] 15224] 54 | 84776] 26160] 55 | 73840} 42 
19 94244| 55 | 05756; 04703] 56 | 95297] 15404] 57 | 84596] 26344| 58 | 73656] 41 q 
20 | 94416] 57 05584| _04879] 59 | 95121] 15584) 60 | 84416) 26528) 61 | 73472) 40 | B 
21 4 94589] 60 | 05411 05056} 62 94944] 15765] 63 | 84225] 26713| 65 | 73287} 39 i 
22 | 94761] 63 | 05239! 05232] 65 | 94768] 15945] 66 | 84055] 26897] 68 | 73103} 38 | # 
“23 | 94934] 66 | 05066) 05409| 68 | 94591] 16126] 69 | 83874] 270821 71 | 72918] 37 i 
24 | 95106| 69 | 04894) 05585] 71 | 94415] 16306] 72 | 83694} 27266| 74 | 727345 36 di 
25 95279| 72 | 04721] 05762} 74 | 94238] 16487] 75 | 83513! 27451| 77 | 72549] 35 y 
26 | 95452! 75 | 04548] 05939} 76 | 94061] 16668] 78 | 83332] 27636] 80 | 72364] 34 
27 } 95624! 78 | 04376] 06116|]:79 | 93884] 16849] 81 | 83151] 27821|} 83 | 72179} 33 
28 95797| 81 | 04203; 06293] 82 | 93707} 17030} 84 | 82970} 28006] 86 | 71994) 32 
29 95970| 84 | 04030] 06470] 85 | 93530] 17211} 87 | 82789} 28190) 89 | 71810} 31 
30. | 96143) 86 | 03857] 06647] 88 | 93353] 17392] 90 | 82608] 28375| 92 | 716251 30 
3] | 96316] 89 | 03684] 06824| 92 | 93176] 17573] 94 | 82427] 28560| 97 | 71440} 29 
32 | 96489] 92 | 03511) 07001] 95 | 92999] 17754] 97 | 82246] 28746|100 | 71254) 28 
33 {| 96662] 95 | 03338; 07178] 98 | 92822) 17935}100 | 82065] 28931)103 | 71069; 27 
34 { 96836] 98 | 03164] 073561101 | 92644] 18117|103 | 81883] 29116/106 | 70884] 26 
35 | 97009|101 | 02991) 07533104 | 92467] 18298/106 | 81702] 29301/109 | 70699] 25 
36 #4 97182/104 | 02818] 07710|107 | 92290] 18480}109 | 81520] 29487|112 | 70513] 24 
37 {| 97356|107 | 02644} 07888/110 | 92112] 18661]112 | 81339] 29672)115 | 70328] 23 4 
38 | 97529]110 | 02471] 08065/113 | 91935] 18843]115 | 81157] 29858/118 | 70142] 22 . 
39 {| 97703}113 | 02297} 08243}116 | 91757] 19024)118 | 80976] 30043/121 | 69957] 21 
40 | 97877|116 | 02123] 08421|119 | 91579] 19206)121 | 80794] 30229]124 | 69771] 20 — 
41 | 98050/118 | 01950] 08599/121 | 91401} 19388]125 | 80612] 30415|127 | 69585] 19 
A2 # 98224/121 | 01776} 08776|124 | 91224] 19570/128 | 80430} 30601/130 | 69399} 18 
43 {| 98398)124 | 01602; 08954|127 | 91046] 19752|131 | 80249] 30786)133 | 69214] 17 
44 § 98572|127 | 01428! 09132|130 | 90868] 19934/134 | 80067] 30972/136 | 69028] 16 
45 # 98746/130 | 01254] 09310|133 | 90690] 20116)137 | 79884] 31158/139 | 68842] 15 
46 { 98920]133 | 01080} 09488/136 | 90512] 20298/140 | 79702} 313441143 | 68656} 14 
47 } 990941136 | 00906] 09667|139 | 90333} 20480/143 | 79520] 31530/146 | 68470] 13 
48 | 99269/139 | 00731} 09845/142 | 90155{| 20662)146 | 79338] 31717|149 | 68283] 12 
49 | 99443)142 | 00557] 10023}145 | 89977) 20844/149 | 79156] 31905)152 | 68097] 11 
50. | 99617|145 | 00383; 10202/148 | 89798} 21027;152 | 78973} 32089/155 | 67911} 10 
51 | 99792|147 | 00208] 10380)151 | 89620; 21209|155 | 78791] 32275|158 | 67725 9 
52 | 99966/150 | 00034] 10559|154 | 89441! 21392/158 | 78608 32462) 16 67538 8 
53 | 00140}153 | 99860} 10737|157 | 892631 21574/161 | 78426} 32648|164 | 67352 7 
54 00315|156 | 99685] 10916|}160 | 89084} 21757|164 | 78243! 32835/167 | 67164 6 
55 00490|159 | 99510] 11095|163 | 88905! 21940|167 | 78060! 33021/|171 | 66979 5 
56 | 00665/162 | 99335] 11273|166 | 88727{ 22122/170 | 77878} 33208|174 | 66792} 4 
57 | 00840/165 | 99160] 11452/169 | 88548! 22305|173 | 77695] 33395|177 | 66605 3 
58 | 01014)168 | 98986] 11631/172 | 88369! 224881176 | 77512] 33582)180 | 66418 Q 
59 | 01189|171 | 98811] 11810|175 | 88190; 22671/179 | 77329} 83769|183 | 66231 1 
60.._ | 01364/174 | 98636] 11989|178 | 88011} 22854/182 | 77146] 33956|186 | 66044] 0 
Suvers. Farts Vers. } Suvers. ie Vers. | Suvers, tat Vers, | Suvers, Lt be Vers. a 
nM " it " ” : 7) : 
Vers. | Sag 7 gay. | 


143° 142° | 141° 140° 


Vers} Vers. ean (ERE for 


_—_—_ 


+ © | 33956} 0 
1 | 34143| 3 
2 | 34330} 6 
3 | 34517; 9 
4 | 34704| 13 
5 | 34891| 16 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
iz. 
18 
19 
20 | 37708! 63 
21 | 37896| 66 
22 | 38085] 69 
23 | 38273] 72 
24 | 38462| 75 
25 | 38650] 78 
26 | 38839] 82 
27 | 39028] 85 
28 | 39216] 88 
29 | 39405| 91 
30 | 39594! 94 
31 | 39783] 98 
32 | 39972/101 
33 | 40161)105 
34 | 40350/108 
35 | 40539/111 
36 | 40729/114 
37 | 40918/117 
38 | 41107/120 
39 41297123 
40 | 41486\127 
41 | 41676 130 
42 | 41866)133 
43 | 42055 136 
44 | 42245|139 
45 | 42435|142 
46 | 42625)146 
47 | 42815 149 
48 | 43005 152 
49 | 43195/155 
50 | 48385/158 
51 | 43575161 
52 |} 43766|165 
53 | 43956168 
54 | 44146171 
55 | 44337/174 
56 | 44528/177 
57 | 44718|180 
58 44909, 184 
59 45 £00. 187 
60 45290190 
Suyers, ‘tr 


a 


Suvers. 


SS ] -———_ |! — 


= | —_—__| ——_- 


6a104 
61915 
61727 
61538 
61350 
61161 
60972 
60784 
60595 
60406 


60028 
59839 
59650 


| 
A Vers. 


41° 


Parts 
for 
” 


Vers. 


45672 
45863 
46054 


45290} 0 
45481} 3 
46245 


Suvers. 


TABLE XXVUL 


Decimal Versed and Suversed Sines, 


68646 


Vers. 


68845 
69043| 7 
69242 
69440 
69689 
69838 


72626 


72826 

73026 
73226 
73425 
73625 
73825 
74025 
74225 
74425 
74626 


185 | 


(a ee 
31354 
31155 
30957 
30758 
30560 
30361 
30162 


pa tN EPSRC ies SE | FER ec cei ff IE ak RE, Pe | (Se 


Ye 
’ 
Wal 
y 


pee EE) (a ae SE pe ae —— | 


"| Suvers. dent 


. 


60 
59 
58 


—_—___ 


——___—_ 


Sree per| bromuenmarns | Reames imgemenom | bance aie Ney Tamar | MEST pe tees 


ee | | 


49120) 64 | 50880 
49312] 67 | 50688 
49504] 70 | 50496 
49697} 73 | 50303 
49889) 76 | 50111 
50081] 80 | 49919 
50274] 83 | 49726 
50466| 86 | 49534 
50659] 89 | 49341 
50852! 92 | 49148 
51044} 96 | 48956 
51237}101 | 48763 
51430}104 | 48570 
51623)107 | 48377 
518161110 | 48184 
52009}113 | 47991 
52202|117 | 47798 
52395!120 | 47605 
52588123 | 47412 
52782|126 | 47218 
52975|129 | 47025 
53168}1383 | 46832 
538862)1386 | 46638 
53555/}1389 | 46445 
53749}142 | 46251 
58943) 145 46057 
54136)149 | 45864 
04330 ),152 | 45670 
54524|155 | 45476 
54718/159 | 45282 
549121162 | 45088 
55106/166 | 44894 
55300/169 | 44700 
55494|172 | 44506 
55688/175 | 44312 
55883|178 | 44117 
56077)\181 | 43923 
56272|184 | 43728 
56466 /188 43534 
56661)191 | 43339 
56855|194 | 43145 
Parts 
Suvers.| for | Vers 
"” 
138° 


42° 
Vers. Fae Suvers. 
YW 
56855} O | 43145 
57050} 3 | 42950 
57245| 7 | 42755 
57489| 10 | 42561 
57634} 13 | 42366 
57829| 17 | 42171 
58024} 20 | 41976 
58219} 23 | 41781 
58414| 26 | 41586 
58610} 29 | 41390 
58805| 33 | 41195 
59000} 36 | 41060 
59195| 39 | 40805 
59391| 42 | 40609 
59586; 45 | 40414 
59782] 49 | 40218 
59978| 52 | 40022 
60173} 55 | 39827 
60369} 58 | 39631 
60565} 62 | 894385 
60761} 65 | 89239 
60957| 68 | 89043 
61153) 71 | 38847 
61349} 75 | 88651 
61545) 78 | 38455 
61741} 81 | 38259 
61937|. 84 | 38063 
62133| 88 | 37867 
62330] 91 | 37670 
62526] 94 | 37474 
62723] 98 |. 37277 
62919103 | 3708) 
63116)106 | 36884 
63313}110 | 36687 
63509,113 | 36491 
63706116 | 36294 
63903|119 | 36097 
64100/}123 | 35900 
64297|126 | 35703 
64494/129 | 35506 
64691|132 | 3853809 
64888/135 | 35112 
65085/139 | 84915 
65284)142 | 34716 
65480|145 ; 34520 
65678149 | 34322 
65875|152 | 34125 
66073|155 | 338927 
66270|158 | 33730 
66468}162 | 33532 
66666/165 | 3838334 
66863/169 | 33137 
67061,172 | 329389 
67259175 |. 82741 
67457\|178 | 32543 
67655}182 | 823845 
67853/185 | 32147 
68051}188 | 31949 
68250/191 | 31750 
68448/194 | 31552 
68646|197 | 31354 
Suvers. SN Vers 
yr 
137° 


74826/ 104 
75026) 107 
752271110 
75427)113 
75628) 117 
75828 
76029 
76230 
76430 
76631 


76832 
"77034 
77234 
77435 
77636 
77837 
78039 
78240 
73441 
78643 


78844 
79046 
79247 
7S449 
79651 
79852 
80054 
80256 
80458]197 
80660}201 


Parts 


Suvers.} for 


—— | ——————_————— _ | | 


-—————_ | —_——_— | —————__ [ -————————_ 
——— 


rr 


TABLE XXVIII. 
Decimal Versed and Suversed Sines. 
45° 46° 


Parts 
for 
" 


47° 


Parts " 
for | Suvers. S 
" 


Vers. Vers, 


Parts [ 
for | Suvers.|L Suv. 
” 


Parts| .. 
for | Suvers. Suvers. 


ff 


92893 
93099 
93305 
93511 
93716 
93922 
94128 
94334 
94541 
94747 
94953 


95159 
95366 
95572 
95779 
95985 
96192 
96399 
96605 
96812 
97019 


97226 
97433 
97640 
97847 
98054 
98261 
98469 
98676 
98883 
99091 


99298 
99506 
99713 
99921 
00129 
00337 
00545]! 
00752 
00960 
01169 


01377 
01585 
017$3 


c "" 
vers. | Vers. 


80660} 0 
80862 
81065 
81267 
81469 
81671 
81874. 
82076 
62279 
82481 
82684 


82887 
83089 
83292 
83495 
| 83698 
| 83901 
| 84104 
| 84307 
| 84511 
| 84714 


84917 
85120 

| 85324 

| 85527 

| 85731 
85934 

| 86138 

| 86342 
86546 
86750] 102 


869541106 
| 87157/109 
| 87362/112 
| 87566)116 
| 87770|119 
| 87974/123 
| 88178|126 
| 88383]|130 
| 88587|133 
| 88791)137 


| 88996/140 
| 89201/143 
| 89405|146 
| 89611,150 
| 89815|153 
| 90019) 157 
| 90224!160 
| 90429 164 
| 90634| 167 
| 90839/171 


i 91044|174 

91250'177 
| 91455;181 
| 91660 184 
| 91865'188 


WOBONDAULWWH OS 


92773 
92563 


92353 
92143 
91933 
91723 
91513 


24195/103 
24410107 


24624/111 
24839|115 
25053)118 
25268] 122 
25483] 125 
25698] 129 
25912)133 
26127/136 
26342) 140 
26557| 143 


26772) 147 
26988151 
27203 )154 
02001 85395| 27418/158 
02210 85183] 27633}161 } 
02418] 15% 165 
02626 169 
02835/16 172 
03044 176 
03252 28710179 


03461 ‘ (183 
03670 186 
03878 961% 358/190 


04087 ‘ } ‘ 193 


86030 
85818 
85607 


04505 


} 92071;191 
| 92276 195 
| 92482 198 
| 92688 202 
1 92893 .205 


Parts 
Suvers.| for 


04505) 194 : 197 


194 
04714/198 
04923 /201 
05132)}205 
05342/208 


arts 
Suvers.| for 


Vers. 


Suvers. 


202 
205 
209 


Parts 
for 


300051201 
30221/204 
30437 208 
30653 211 
30869 214 


TABLE XXVIII. 187 
Decimal Versed and Suversed Sines. 
50° 51° 


, 


ul 


Parts Parts | Parts Parts & 
Vers. Vers. | for | Suvers.| Vers. | for | Suvers.} Vers. | for | Suvers.| Vers. | for | Suvers. [ Suv. 


wt ” ” 


| ——_——— J —_____ 
SS eed | | ef | EE | 


30869} 0 | 69131} 43941) 0 | 56059} 57212) O | 42788] 70680) 0 | 29320] 60 
81086) 4 | 68914) 44160) 4 | 55840] 57435| 4 | 42565) 70906| 4 | 290941 59 
31302| 7. | 68698) 44380} 7 | 55620) 57658| 8 | 42342] 71132; 8 | 28868] 58 
81518} 11 | 68482) 44600] 11 | 55400} 57881] 11 | 42119} 71358) 11 | 28642} 57 
31735} 14 | 68265) 44820) 15 | 55180] 58104] 15 | 41896] 71584] 15 | 28416] 56 
81951} 18 | 68049} 45039| 19 ; 54961} 58327] 19 | 41673] 71811] 19 | 28189] 55 
32167| 22 | 67833] 45259) 22 | 54741] 58550] 22 | 41450] 72037; 23 | 27963] 54 
32384| 25 | 67616] 45479) 26 | 54521} 58774| 26 | 41226] 72263) 26 | 27737] 53 
32601} 29 | 67399] 45699| 30 | 54301] 58997| 30 | 41003] 72490; 30 | 27510] 52 
32817| 32 | 67183] 45919) 33 | 54081! 59220) 34 | 40780] 72716) 34 | 27284] 51 
| 46139| 37 | 53861} 59443) 37 | 40557) 72943) 38 | 27057) 50 


| 46359} 41 | 53641} 59667| 41 | 40333] 73170, 42 | 26830] 49 
| 46579) 44 | 53421) 59890] 45 | 40110! 73396) 45 | 26604] 48 
7 46800} 48 | 53200] 60114] 49 | 39886] 73623) 49 | 26377] 47 
47020| 52 | 52980} 60337| 53 | 39663! 73850] 53 | 26150; 46 
47240| 55 | 52760] 60561] 56 | 39439] 74077| 57 | 25923] 45 
47461; 59 | 52539} 60785) 60 | 39215] 74303] 61 | 25697) 44 
| 47681] 63 | 52319} 61008| 64 | 38992} 74530! 64 | 25470] 43 
47902! 66 | 52098} 61232} 68 | 38768] 74757) 68 | 25243] 42 
48122} 70 | 51878] 61456) 72 | 38544] 74984] 72 | 25016] 41 
48343) 73 | 51657} 61680] 75 | 38320] 75212; 76 | 24788] 40 


48563| 7 51437] 61904] 78 | 38096] 75439) 80 | 24561] 39 
48784] 81 | 51216] 62128] 82 | 37872) 75666] 84 | 24334] 38 
49005| 85 | 50995] 62352] 86 | 37648] 75893| 88 | 24107] 37 
| 49296] 89 | 507741 62576| 90 | 37424] 76120) 92 | 28880] 36 
49447| 93 | 50553] 62800] 94 | 37200] 76348| 95 | 23652] 35 
49668] 96 | 50332] 63024] 97 | 36976] 76575| 99 | 23425] 34 
49889|100 | 50111) 63249/101 | 36751] 76803/103 | 23197] 33 
| 50110/103 | 49890] 634731105 | 36527] 77030/107 | 22970] 32 
| 50331/107 | 49669] 63697|109 | 36303] 77258)111 | 22742] 31 
| 50552/110 | 49448] 63922/112 | 36078] 77485)114 | 22515] 30 


| 50773/115 | 49227] 641461117 | 35854] 77713/119 | 22287) 929 
50994!118 | 49006] 643871|121 | 35629] 77941)123 | 22059] 28 
61 51216|122 | 48784] 64595/124 | 35405] 78169/127 | 21831] 27 
| 51437|126 | 48563] 64820/128 | 35180] 78396131 | 21604] 26 
| 51659/129 |, 48341] 65045)131 | 34955] 78624,134 | 21376] 25 
| 51880/133 | 48120] 65270/134 | 34730] 78852138 | 21148] 24 
| 52102|/137 | 47898] 65494)138 | 34506} 79080 142 | 20920) 23 
| 52323/141 | 47677] 65719/142 | 34281 79308|146 | 20692] 22 
| 52545)144 | 47455] 65944/146 | 34056] 79536 150 | 204641 21 
| 52767|148 | 47233} 66169)150 | 33831] 79765 153 | 20235} 20 


52988/152 | 47012] 66394\153 | 33606] 79993 157 | 20007] 19 
| 538210)155 | 46790] 66619157 | 33381 80221161 19779), AS 
| 53432/159 | 46568] 66844|161 | 33156] 80449 165 | 19551] 17 
1 53654|163 | 46346] 67069)165 | 32931 80678 169 19322) 16 
53876|167 | 46124] 67295|169 | 32705; 80906172 | 19094] 15 
| 54098/171 | 45902] 67520/172 | 32480] 81135,176 | 18865] 14 
| 54320|174 | 45680] 67745|176 | 32255] 81363'180 | 18637] 13 
f 54542|178 | 45458] 67971/180 | 32029 81592 184 18408} 12 
| 54765|181 | 45235] 68196/183 | 31804 81820188 | 18180} 11 
| 54987/185 | 45013] 68422)187 | 31578} 82049191 | 17951] 10 
55208)188 | 44792 


RL sib | eae | Ree 
| 68647|191 | 31353] 822781195 | 17722 
| 55432/192 | 44568 
| 55654|196 | 44346 


9 
68873|195 | 31127] 82506 199 | 17494 8 
69099,199 | 30901} 82735 203 | 17265 7 

| 55876/200 | 44124} 69324/202 | 30676) 82964 206 | 17036] 6 
3} 56099 204 | 43901} 69550/206 | 30450] 83193 210 | 16807 5 
56322 207 | 43678 4 
56544/211 | 43456! 3 
Q 

1 

0 


COBONAnNhkwWWHKY Oo 


43283 /208 ; 56717) 
43502|/212 | 56498} 


69776/210 | 30224] 83422 214 | 16578 
56767/215 | 43233 


70002 214 | 29998} 83651218 | 16349 

70228 '218 | 29772 83880 221 16120 

43722\215 | 56278] 56990218 | 43010} 70454 221 | 29546] 84109 225 | 15891 

43941|219 | 56059} 57212,222 | 42788] 70680|225 | 29320} 84339 228 | 15661 
st  ataas teemmmaiaaie | 2 TSI: | cameemmman, | inet | | 


Parts 
Suvers.| for | Vers. 


NW" 


Parts Parts 
Suvers.| for | Vers. | Suvers.| for | Vers. 
" 


Parts 
Suvers.| foy | Vers. 
N 


¥31° 


" 


vei. 


130° 129° 128° 


AERA EET peer Poss 


188 TABLE XXVIII. 


Decimal Versed and Suversed Sines. 


° ° Q 
/ 5Q° 53 54 55 
" i : 
: Parts Parts Parts i Parts 
(vers. Vers. | for | Suvers.} Vers. | for | Suvers.| Vers. | for | Suvers.| Vers. | for | Suvers.: 
” " " ni 


eee eaten S | | —_——_ | ———_____ J 
ae, Poy a ny ——_——_—__ — 


0 84339] 0 | 15661] 98185] O | 01815] 12215] O | 87785] 26424] 0 
1 84568] 4 | 15432] 98417] 4 | 01583} 12450] 4 | 87550) 26662} 4 
Q 84797} 8 | 15203} 98650] 8 | 01350} 12685] 8 | 87315] 26900] 8 
3 85026] 12 | 149741 98882] 12 | 01118] 12921] 12 | 87079} 27139) 12 
4 85256] 16 | 14744) 99115} 16 | 00885] 13157] 16 | 86843} 27377| 16 
5 85485} 19 | 14515} 99347] 19 | 00653] 138392] 20 | 86608] 27616; 20 
6 : 
7 
8 
9 


7 ———— | | | 5 | | ss I | | | 


———<— | ——____ ——— ay RE ot — | ———_—_ 
F ESR, (eaten evomacetesep aie nd ———————— | enemas _—_—— 


21 89164] 81 | 10836] 03075} 82 | 96925] 17168] 83 | 82832] 31438] 84 
22 89394] 85 | 10606] 03308] 86 | 96692] 17404] 87 | 82596] 31678] 88 
23 89624| 89 | 10376] 03542] 90 | 96458] 17640] 91 | 82360] 31917] 92 
24 89855| 92 | 10145} 03775] 94 | 96225] 17877] 95 | 82123] 32156] 96 
25 90085] 96 | 09915] 04009] 98 | 95991] 18114] 99 | 81886] 32396,100 
26 | 90316|100 | 09684] 94242/102 | 95758] 18350}103 | 81650] 32635/104 
Q7 90547/104 | 09453] 04476|106 | 95524] 18587|107 | 81413] 32875|108 
28 90777/108 | 09223} 094710/110 | 95290] 18824]111 | 81176] 33114/112 
QQ 91008/111 | 08992} 04943/114 | 95057] 19060]115 | 80940] 33354/116 
30 91239|115 | 08761] 05177/117 | 94823] 19297]118 | 80703] 33594|120 


S| | | | | | 


3] 91469/119 | 08531] 05411}121 | 94589] 19534/122 | 80466] 33534|124 
32 91700|123 | 08300] 05645/125 | 94355] 19771]126 | 80229] 34073)128 
33 91931|127 | 08069] 05879/129 | 94121} 20008}130 | 79992} 34313|132 
34 92162)131 | 07838} 06113|133 | 93887] 20245)134 | 79755] 34553/136 
35 92393/135 | 07607] 06347|137 | 93653] 20482/138 | 79518} 34793)140 
‘ 36 92624|139 | 07376] 06581)141 | 93419} 20719]142 | 79281} 35033)144 
37 92855/143 | 07145) 06815}145 | 93185] 20956)146 | 79044] 35273)148 
! 38 98086|147 | 06914] 07050)149 | 92950] 21193]150 | 78807] 35513)152 
39 93318/151 | 06682] 07284|153 | 92716) 21430]154 | 78570] 35753/156 
40 93549|154 | 06451) 07518|156 | 92482] 21668]158 | 73332] 35993) 160 


41 93780|158 | 06220] 07752)160 | 92248] 21905|162 | 78095] 36%34|164 
42 94012|162 | 05988} 07987|164 | 92013] 22142/166 | 77858] 36474|168 
43 94243/166 | 05757] 08221)168 | 91779] 22380|170 | 77620} 36714|172 
dd 94475|170 | 05525} 08456)172 | 91544] 22617/174 | 77383] 36955|176 
45 94706/174 | 05294] 08690)176 | 91310] 22855/178 | 77145} 37195)|180 
46 94938)178 | 05062} 08925|180 | 91075] 23092|182, | 76908] 37436/184 
47 95169/182 | 04831} 09160,184 | 90840] 23330|186 | 76670] 37676|188 
48 95401/186 | 04599} 09394|188 | 90606] 23568)190 | 76432) 87917|192 
49 95633|190 | 04367] 09629/192 | 90371] 23805|194 | 76195] 38157|196 
50 95864/194 | 04136] 09864!195 | 90136! 24043)198 | 75957] 38398) 200 


51 95096197 | 039041 10099199 | 89901] 24281)202 | 75719] 88639|204 
52 96328|201 | 03672] 10334)203 | 89666] 24519)206 | 75481] 38879|208 
53 96560 205 | 03440} 10569)207 | 89431] 24757/210 | 75243} 39120/212 
54 96792|209 | 03208} 10804/211 | 89196] 24995|)214 | 75005} 39361/216 
55 97024|213 | 02976} 11039/215 | 88961] 25233|/218 | 74767) 39602|220 
56 97256\217 | 02744) 11274/219 | 88726] 25471|222 | 74529) 39843/224 
57 97488/220 | 02512] 11509\223 | 88491] 25709/226 | 74291] 40084/228 
58 97720|224 | 02280} 11744/227 | 88256] 25947)/230 | 74053] 40325/232 
59 97953|228 | 02047] 11979|281 | 88021] 26185/234 | 73815] 40566|236 
60 98185/231 |} 01815} 12215|234 | 87785] 26424\237 | 73576] 40807/240 


eee 
a a ee 


Parts Pa Parts Parts 
Suvers.| for | Vers. | Suvers.| for | Vers. | Suvers.| for | Vers. | Suvers.| for 
" 1 " ” 


(te ; 
Lver. 197° 126° 195° 194° 


sere EEE DERE RRERRRREEEEEEREREEREREEEEEREERREEEERREREEREEEREIEEEEE Ey 


= Ee 58 REPO eT ee Pron 


46° 


TABLE 


XXVIUL 


Deeimal Versed and Suversed Sines. 


itil 


Parts 
for | Suvers. 


97 
46851}101 
47093] 105 
47336} 109 
47578} 113 
47820} 117 
48063) 122 | 


| 48306) 126 
48548} 130 
48791|134 
49034|138 
49276] 142 
49519) 146 
49762|150 
50005] 154 
50248] 158 
50491)162 | 


50734 |166 
50977|171 
51220/175 
51464 179 
51707|183 
51950) 187 
52193/191 
52437] 195 
52680. 199 
52924) 203 


53167, 207 
53411/211 
53654215 
53898, 219 
54142, 223 
54386 227 
54629 231 
54873 235 
55817 | 239 
55361, 243 


Vers, 


55361 
55605 
55849 
56093 
56337 
56581 
56826 
57070 
57314 
57508 
57803 


58047 
58292 
58536 
58781 
59025 
59270 
59515 
59760 
60004 
60249 


60494 
60739 
60984 
61229 
61474 
61719 
61965 
62210 
62455 
62700 


62946 
63191 
63437 
63682 
63928 
64173 
64419 
64664 
64910 
65156 


65402 
65648 
65893 
66139 
66385 
66631 
66878 
67124 
67370 201 
67616 |205 


67862|209 
68109 213 
68355 217 
68601|221 
68848 226 
69094 230 
69341|234 
69587 238 
69834 !242 
70081 246 


Pa 
Suvers.| for 
4) 


rts 


Suvers. 


44639 


58° 


Parts | 
for 


Vers. 


70081 
70327 
70574 
70821 
71068 
71315 
71562 
71809 
72056 
72303 
72550 


72797 
73044 
73291 
73539 
73786 
74033 
74281 
74528 
74776 
75023 


75271 
75519 
75766 
76014 
76262 
76510 
76758 
77005 
77253 
77501 


77749 
77998 
78246 
78494 
78742 
78990 
79239 
79487 
79735 
79984 


80232 
80481 
80729 
80978 
81227 
81475 
81724 
81973 
82222 
82471 


82720 
82969 
83218 
83467 
83716 
83965 
84214 
84463 
84713 
84962 


Suvers. 


Suvers. 


29219 
29673 
29426 
29179 
28932 
28685 
28438 
28191 
27944 
27697 
27450 


26956 
26709 
26461 
26214 
25967 
25719 
25472 
25294 
24977 


24729 
24481 
24234 
23986 
23738 
23490 
23242 
22995 
22747 
22499 


22251 
22002 
21754 
21506 
21258 
21010 
20761 
20513 
20265 
20016 


19768 
19519 
19271 
19022 
18773 
18525 
18276 
18027 
17778 
17529 
17280) 
17031 
16782 
16533 
16284} 
16035} 
15786; 
15537 
15287 
15038 


Ss 
Vers. 


fe) 
59 


1 
Parts 
Vers. | for | Suvers.| 


wy 


84962 
85211 
85461 
85710 
85960 
86209 
86459 
86708 
86958 
87208 
87457 


87707 
87957 
88207 
88457 
88707 
88957 
89207 
89457 
89707 
89957 


90208 
90458 
90708] 95 
90959) 99 
91209|104 
91459/108 
91710)112 
91960) 117 
92211121 
92462) 126 


92712)130 
92963) 134 
93214)188 
93464|142 
93715)}146 
93966) 151 
942171155 
94468159 
94719) 163 
94970/168 


172 
176 
180 
184 | 
188 
193 


12 
17 
21 
25 
29 
33 
37 
42 


46 
50 
54 
58 
63 
67 
71 
75 
79 
83 


87 
91 


95221 
95472 
95723 
95975 
96226, 
96477 
96729)197 | 
96980/201 
97231) 205 
97483) 210 
97734\214 | 
97986 218 
98238 222 
98489 226 
98741)|230 
98993 |235 
99244 239. 
99496 |243 
99748 |247 
00000} 251 


Parts 


Suyers, 


tI 


_190 TABLE XXVIII. 4 
| Decimal Versed and Suversed Sines. 4. 
; 60° 61° 62° . 


$ uW Feat 
Parts Parts Parts Parts as 

F (vesual Vers. | for | Suvers.| Vers. | for | Suvers.{ Vers. | roy | Suvers.| Vers. | for | Suvers.|| Suy.. 
i Vt 


" 


00252| 4 | 99748] 15445) 4 | 84555] 30785] 4 | 69215] 46269| 4 | 53731] 59 
00504} 8 | 99496) 15699) 8 | 84301} 31042} 8 | 68958} 46528] 9 | 53472) 58 
00756| 12 | 99244] 15954) 13 | 84046] 31299} 13 | 68701] 46787] 13 | 538213] 57 
01008} 17 | 98992] 16208] 17 | 83792] 31556] 17 | 68444) 47046] 17 | 52954] 56 
01260} 21 | 98740; 16463) 21 | 83537} 31813] 21 | 68187] 47306) 22 | 52694) 55 
01512} 25 | 98488] 16718] 25 | 83282] 32070] 26 | 67930] 47565) 26 | 52435] 54 
01764] 30 | 98236] 16972) 30 | 83028] 32327} 380 | 67673}! 47825] 30 | 52175} 53 
02017} 34 | 97983] 17227| 34 | 82773} 32584) 34 | 67416] 48084] 35 | 51916} 59 
02269| 38 | 97731} 17482) 88 | 82518] 32842) 38 | 67158} 48344] 89 | 51656] 5) 
02521] 42 | 97479] 17737| 43 | 82263] 33099} 43 | 66901] 48603] 48 | 513897] 50 


rr Fn | en fl | | ft | | | | | — 


USES > MERA MES 


A 02774| 46 | 97226] 17991| 47 | 82009} 33356] 47 | 66644] 48863 
12 03026} 50 | 96974] 18246) 51 | 81754] 33613] 51 | 66387] 49122 
18 03278] 54 | 96722} 18501} 55 | 81499] 33871] 55 | 66129] 49382 
14 03531} 58 | 96469] 18756] 59 | 81244] 34128] 60 | 65872] 49642 
15 03783] 63 | 96217] 19011] 63 | 80989] 34385] 64 | 65615] 49902 
16 04036] 67 | 95964] 19266] 67 | 80734] 34643] 68 | 65357] 50161 
17 04289] 71 | 95711} 19521] 72 | 80479] 34900] 72 | 65100] 50421 
18 04541| 75 | 95459] 19776] 76 | 80224} 35158] 77 | 64842] 50681 
19 04794| 79 | 95206} 20032] 80 | 79968} 385415) 81 | 64585) 50941 
20 05047| 84 | 94953] 20287| 85 | 79713] 35673) 85 | 64327] 51201 


er | | —-__- ee a nae 


21 05299| 88 | 94701} 20542| 89 | 79458] 35931} 90 | 64069] 51461 
22 05552| 92 | 94448] 20797] 93 | 79203] 36188) 94 | 63812] 51721 
23 05805] 96 | 94195} 21053] 97 | 78947| 36446] 98 | 63554] 51981 
24 06058/100 | 93942) 21308/101 | 78692} 36704|103 | 63296) 52241 
25 06311]105 | 93689] 21564/106 | 78436] 36962|107 | 63038] 52501 
26 06564|109 | 93436] 21819]110 | 78181] 37219]111 | 62781] 52761 
27 06817|113 | 93183} 22074]115 | 77926] 37477|115 | 62523] 53021 
28 07070}117 | 92930} 22330]119 | 77670] 37735)120 | 62265) 53282 
29 07323|121 | 92677] 225861123 | 77414] 37993|124 | 62007] 53542)126 | 46458} 937 
30 07576|126 | 92424) 22841/128 | 77159] 38251|129 | 61749] 53802/130 | 46198} 39 


48 | 51137] 49 
52 | 50878] 48 
56 | 50618] 47 
61 | 503581 46 
65 | 50098] 45 
69 | 49839] 44 : 
74 | 49579] 43 A 


4) 00000} 9O | 00000} 15190} O | 84810} 30528) 0 | 69472} 46009} O | 538991} 60 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


78 | 49319] 49 , 
82 | 49059] 41 : 
87 | 48799] 40 % 
91 | 48539] 39 
95 | 48279] 38 

100 | 48019] 37 

104 | 47759] 36 

108 | 47499] 935 

113 | 47239] 34 

117 | 46979] 33 

121 | 46718] 39 a 


rf | | ES 


31 07830|131 | 92170] 23097|132 | 76903] 38509|138 | 61491] 54062|134 | 45938] 99 
32 08083|135 | 91917} 23353/136 | 76647] 38767|138 | 61233] 54323)139 | 45677] 98 


33 08336|140 | 91664] 23608]141 | 76392] 39026|142 | 60974] 54583]143 | 45417] 97 
34 08589]144 | 91411} 23864]145 | 76136] 39284|146 | 60716] 54844|147 | 45156] 96 
35 08843]148 | 91157] 24120]149 | 75880] 39542/151 | 60458] 55104|152 | 44896] 95 
36 09096]152 | 90904] 24376]154 | 75624] 39800|155 | 60200] 55365/156 | 44635] 94 
37 09350]156 | 90650] 246321158 | 75368] 40058|159 | 59942] 55625|160 | 44375] 93 - x 
38 09603|161 | 90397} 248881162 | 75112] 40317|164 | 59683] 55886|165 | 44114] 90 t 
39 098571165 | 90143] 25144/166 | 74856] 40575|168 | 59425] 56147|169 | 43853] 91 
40 10110|169 | 89890] 25400]171 | 74600} 40833]172 | 59167] 56407|174 | 43593] 90 


oo | —————— |__| —— | cq \y cml mee | | 


4l 10364|173 | 89636] 25656]175 | 743441 41092]177 | 58908] 56668|178 | 48332] 19 
A2 10617]178 | 89383] 25912]179 | 74088} 41350]181 | 58650} 56929|182 | 43071] 18 
43 10871/182 | 89129] 26168/183 | 73832] 41609|185 | 58391] 57190|187 | 42810} 17 iE 
ld 11125]186 | 88875} 26424|187 | 73576] 41867|189 | 58133] 57450|191 | 42550] 16 
45 11379}190 | 88621] 26680]192 | 73320] 42126]194 | 57874] 57711/195 | 42289] 15 
46 11633/195 | 88367] 269371196 | 73063] 42385|198 | 57615] 57972|199 | 42028] 14 
47 11886]199 | 88114] 27193]200 | 72807] 42643)202 | 57357] 58233/204 | 41767] 13° 
48 12140]203 | 87860] 27449]204 | 72551] 42902/207 | 57098] 58494/208 | 41506} 12 
49 12394|207 | 87606] 27706/208 | 72294] 43161/211 | 56839] 58755/212 | 41245] 11 
50 12648|212 | 87352] 27962/213 | 72038] 43420/215 | 56580] 59016/217 | 40984] 10— 


rn i es ff Ge SNe AAS = 25, ——— | ————— 
See ee SE fl se —————— 


51 12902/216 | 87098} 28218/217 | 71782] 43678/220 | 56322] 59277|/221 | 40723 9 
52 13156/220 | 86844] 28475/221 | 71525] 43937|224 | 56063] 59538|226 | 40462 8 
53 13410/224 | 86590] 28731|225 | 71269] 44196/228 | 55804] 59800/230 | 40200 7 
54 13665]229 | 86335] 28988/230 | 71012] 44455|/233 | 55545] 60061}234 | 39939 6 
55 13919/233 | 86081} 29245/234 | 70755} 44714/237 | 55286] 60322|239 | 39678 5 
56 14173]237 | 85827] 29501/238 | 70499} 44973/241 | 55027] 60583/243 | 39417 4 
57 14427)}241 | 85573] 29758}242 | 70242] 45232/246 | 54768} 60845|247 | 39155 3 
58 14682/245 | 85318] 80015|247 | 69985] 45491/250 | 54509] 61106/251 | 38894] 9 
59 14936/249 | 85064] 30272/251 | 69728] 45750|/254 | 54250] 613867|256 | 38633 1 
60 15190/254 | 84810] 30528/256 | 69472] 46009/258 | 53991] 61629/260 | 38371] oO 


i ms fe Pf a | ff 


Oe re a ae a ee MAINT See Ry 


Parts Parts Parts 
Suvers.| for | Vers. | Suvers.! for | Vers. | Suvers.| fo; | Vers. | Suvers. 


[ " "7 v7 { Td 
Lvers.] 119° 118° 


Decimal Versed and Suversed Sines. 


TABLE XXVIII. 


, 64° 65° 66° 

en "7 
vers, Vers. bi Vers. = Suvers.} Vers. | for | Suvers.| Vers. yeh Suvers. suv. | 
n" if 
0 61629 77382 06737)| 09269 90731] 60 
1 61890 77645 06471] 09537] 59 
2 62152 77909 06205] 09804 58 
3 62413 78173 05939] 10072 7 
4 62675 78437 05673} 10340 56 
5 62937 78700 05408] 10608 55 
6 63198 78964 05142] 10876 54 
Nf 63460 79228 04876] 11144 53 
8 63722 79492 04610} 11412 52 
9 63983 79756 04344] 11680 51 
64245 80020 04078] 11948 50 
64507 80284 03811} 12216 49 
64769 80548 03545] 12484 48 
65031 80812 03279] 12753 47 
65293 81076 03013] 138021 46 
65555 81340 02747} 18289 45 
65817 81604 02480] 13557 44. 
66079 81869 02214] 13826 43 
66341 $2133 01948] 14094 42 
66603 82397 01681] 14362 41 
66865 82661 01415] 14631 40 
67127 82926 98851] 94 | 01149} 14899 39 
67390 83190 99118] 98 | 00882} 15168 38 
67652) 100 83455 99384|103 | 00616] 15436 37 
67914|105 83719 99651}107 | 00349] 15705 86 
68177|109 83984 99917|112 | 00083) 15973 35 
68439/113 84248 00184/116 | 99816) 162492 34 
68701|J18 84513 99549} 16510 33 
68964) 122 84777 99283] 16779 32 
69226126 85042 99016] 17048 81 
69489|131 85307 98749] 17317 30 
69751/136 85571 98482] 17585 29 
70014|140 98216] 17854 28 
70277|145 97949} 18123 27 
70539/149 97682] 183892 26 
70802|153 97415} 18661 25 
71065}158 97148] 18930 24 
71328)162 96881} 19199 23 
71590] 167 96614] 19468 22 
71853}171 96347] 19737 21 
72116|175 87955 96080] 20006 20 
72379|180 88220|181 } 95813] 20275 19 
72642|184 88486/185 95546] 20544 18 
72905/|189 88751]189 95278) 20813 17 
73168/193 89016] 194 04989/196 | 95011} 21082 16 
73431/197 89281/199 05256|200 | 94744) 21351 15 
73694|202 89546|203 05523)205 21621 14 
73957 | 206 89812|207 05791/}209 21890 18 
74221|210 90077) 212 06058)}214 22159 12 
74484)|215 90342/216 06325/218 22429 11 
74747 /|219 90608 | 221 06593}223 22698 10 
75010) 224 90873/225 06860] 227 22967 9 
75274 | 228 91138/230 07128/231 23237 8 
75537 | 232 91404) 234 07395) 236 23506 7 
- '75801|237 91669| 289 07663}240 23776 6 
76064} 241 91935} 2438 07930} 245 24045 5 
76327 | 245 92201 | 247 08198/249 24315 4 
76591/250 92466) 252 08466/254 94584 3 
76894)/254 927382) 256 08733|258 Q4854 2 
77118/259 92998) 260 09001) 263 25124 1 
77382) 263 93263 | 265 09269) 267 25393 0 
Parts Parts Parts) s 

for | Vers. Suvers.! for i / 


" It v 
AOA 5 SE SLA SM 9 SL 5 


115° 114° 113° 


TABLE XXVIII. 


Riu ac Re 


Decimal Versed and Suversed Sines. 


69° 


for 
w 


rts 
Suvers, 


(em 


| Parts 
Vers. 


for 
" 


Suvers. 


SS ee, Pa) anne, ny fn! a) ey |e ee ee eee 


71638 
71368 
71098 
70828 
70557 
70287 
70017 
69747 
69477 
69206 


64877 


124 
821441128 


' 82419)133 


82695/138 


82971]143° 
83247 |147 
83523 |152 
83799) 157 
84075/161 
84351)166 
84627/171 
84903)175 
85179|180 
85455)184 


| 


Wt 
Suv. ] j 


60 
59 


nd 
——— | | | | | | | | | |] | | 


—E 4 
i CO ne, ke See OnE Ene Eneey (ene eee cee eee eee eee eS oy os aE Se te, eee ee ee iz 


63522 
63251 
62980 
62709 
62438 


191 
53337 |195 
53610/200 
53883205 
54156|209 
54429)/214 
54702|218 
54975 |223 
55248 |228 


85731)189 
86007/193 
862841198 
86560 | 202 
86836 |207 
87112}212 
87389 |216 
87665 |221 
87941/225 
88218/230 


oe) en | NY ea enna Pee AS ee (eee eee) eee, ee sea, fe tele ——EE 


192 
y 68° 
Parts 
Viral Vers. | for 
VW 
0 | 25393] 0 
1 25663] 5 
2 25933| 9 
3 26203| 14 
4 26472] 18 
5 26742| 23 
6 | 27012] 27 
7 27282| 32 
8 27552| 36 
i) 27822| 41 
10 28092| 45 
Bl 28362} 50 
12 28632| 54 
13 28902] 59 
i 14 | 29172] 68 
: 15 | 29443] 68 
' 16 } 29713} 72 
4 29983] 77 
F 30253] 81 
‘ 30523] 86 
‘| 30794] 90 
: 31064] 95 
i 31335] 100 
: 31605]104 
i 24 | 31875/108 
25 |} 32146/113 
: 26 | 32416/117 
27 | 32687]122 
i 28 | 82957}126 
29 33228]131 
5 30 | 33499/135 
4 31 33769] 140 
q 82 | 34040/144 
‘ 383 | 34311|149 
4 34 | 34582/153 
4 35 | 348521158 
b | 686 | 35123}162 
4 387 | 35394]167 
: 38 | 35665/171 
39 | 35936|176 
40 4 36207/180 
4l 86478]185 
A2 | 36749|189 
43 {| 37020|194 
44 | 37291,198 
45 | 37562/203 
46 | 37833|/207 
; 47 |} 38104/212 
48 | 38375|216 
49 } 38647|221 
50 | 389181226 
51 39189)|230 
52. | 39460/235 
53 | 39732/239 
54 | 40003/244 
‘ 55 | 40275/248 
56 | 40546/253 
57 | 40817/257 
H 58 | 41089/262 
; 59 | 41360/266 
f 60 | 41632/271 
H Parts 
Suavers.| for 
. " ” 
4 | Vers 11 1° 


55521 /232 
85794 |237 
56067 |241 
56340 |24€ 
56614}250 


for 
Wt 


Suvers. 


110° 


Vers. 


70° 
Vers. cr Suvers, 
t 

57980} 0 | 42020 
58253] 5 | 41747 
58527| 9 | 41473 
58800] 14 | 41200 
59073] 18 | 40927 
59347| 23 | 40653 
59620] 27 | 40380 
59894} 82 | 40106 
60167| 36 | 39833 
60441} 41 | 39559 
60715] 46 | 39285 
60988] 50 | 89012 
61262] 55 | 38738 
61536} 59 | 38464 
61809} 64 | 38191 
62083] 68 | 37917 
62357| 73 | 37643 
62631| 78 | 37369 
62905} 82 | 37095 
63179| 87 | 36821 
63452] 91 | 36548 
63726} 96 | 3627 

64000]100 | 36000 
64274|105 | 35726 
64548]109 | 35452 
64822)114 | 35178 
65097}118 | 34903 
65371|123 | 34629 
65645}127 | 34355 
65919|132 | 34081] 
66193]137 | 33807 
66467|142 | 33533 
66742|146 | 33258 
67016)151 | 32984 
67290|155 | 32710 
67564|160 | 32436 
67839/165 | 32161 
68113}169 | 31887 
68388|173 | 81612 
68662}178 | 31338 
68937|183 | 31068 
69211)187 | 30789 
69486]192 | 30514 
69760}197 | 80240 
70035|201 | 29965 
70309/206 | 29691 
70584/210 | 29416 
70859|2:5 | 29141 
71133}220 | 28867 
71408|/224 | 28592 
71683|229 | 28317 
71958|234 | 28042 
72232|238 | 27768 
72507|243 | 27493 
72782|247 | 27218 
73057 )252 | 26943 
73332|256 | 26668 
73607|261 | 26393 
73882/265 | 26118 
74157|270 | 25843 
74432|274 | 25568 
Suvers, oh Vers 

" 


88494235 
88771}239 
89047 |244 
89324 |248 
89600/253 
89877 (258 
90153)/262 
90430} 267 
90706/271 
90983 /276 


108° 


Parts 
for 


oe 


Vers. 


10 


ea 


CHNWARAAN DSO 


Saw. | 


TABLE. XXVIII. 


Decimal Versed and Suversed Sines. 
; 74° 


Parts Parts 
- Suvers.}| Vers. | for | Suvers.} Vers. | for | Suvers. 
b " " 


Eee eS) | 
ne —- | ——————_ | —— | J | | OF 


07628 92372} 24363 75637) 41181 
07906 92094} 24642 75358| 41462 
08185 91815} 24922 75078| 41743 
08463 91537] 25202 74798} 42024 
| 08741 91259] 2548] 74519] 42305 
| 09019 90981} 25761 74239| 42586 
| 09298 90702} 26041 73959} 42867 
09576) ¢< 90424} 26321 73679| 43148 
09854 90146} 26600 73400} 43429 
10133 89867] 26880 73120] 43711 
y 10411 89589] 27160 72840! 43992 


—_————=|———— | —_—__ | <u _ | q— — icccqcr 


10690 89310} 27440 725601 44273 
1 10968 89032} 27720 722801 44554 
11247 88753] 28000] 6 72000! 44835 
| 11525 88475] 28280 717201 45117 
11804 88196] 28560] 7 71440} 45398 
12082 87918} 28839 71161| 45679 
| 12361 87639} 29119 70881} 45961 
12639 87361} 29400 70600} 46242 
12918 87082] 29680 70320] 46523 
13197 86803] 29960 70040! 46805 


} 13476 86525] 30240 69760] 47086| 
13754 86246} 30520 69480; 47368) 103 
14033 85967] 30800 69200} 47649 '108 
14312 85688] 31080 68920} 47931|1138 

| 14590 85410} 31360 68640! 48212\117 

| 14869 85131} 31641 68359} 48494) 122 
15148 84852] 31921 68079| 48775|127 
16427/130 | 84573] 32201/131 | 67799] 49057/131 
15706)135 | 84294] 32481/135 | 67519] 49338|136 

} 15985|139 | 84015] 32762)140 | 67238] 49620)141 


| 16264|144 | 83736] 33042 66958] 49902/146 
| 16542|149 | 83458] 33322 66678| 50183/150 
31 16891|154 | 83179] 33603 66397| 50465/155 
17100)158 | 82900] 33883}1: 66117] 50747/160 

) 17379|163 | 82621] 341631164 | 65837] 51028)/165 
17658/168 | 82342} 34444 65556! 51310/169 

| 17938/172 | 82062] 34724 65276| 51592|174 
| 18217/177 | 81783] 35005 64995| 518741179 
| 18496]/182 | 81504] 35285 64715] 52155/183 
| 18775|186 | 81225] 35566 64434| 52437]/188 


| 19054)191 | 80946] 35846 64154] 52719193 | 47281 
19333]196 | 80667} 361271: 63873] 53001/198 
19612|200 | 80388] 36407 63593] 53283 202 
19892|205 | $0108] 36688 63312] 53565 /207 
20171/210 | 79829} 36969 63031] 53847/212 

| 20450/214 | 79550} 37249 62751] 54129 216 

} 20730|219 | 79270} 37530 62470] 54411/991 

| 21009|224 | 78991] 37811 62189] 54693/295 
21288|228 | 78712] 38091/230 | 61909} 54975 230 
21568|233 | 78432] 38372/234 | 61628} 55257/235 


—_—_———_ | ——__— n= r 


Se Oe ——— ee ee ee ee ee 


21847|238 | 78153] 38653\239 | 61347] 55539)240 
22126|242 | 778741 88934|244 | 61066] 55821/245 
22406|247 | 77594} 39215|248 |. 60785] 56103'249 
22685|252 |} 77315] 39495/253 | 60505] 56385)254 

32} 22965|}256 | 77035) 39776)258 | 60224) 56667)\259 
23244|261 } 76756] 40057|/262 | 59943] 56949\263 

| 23524|266 | 76476] 40338\267 | 59662] 5723)|268 
23803|270 } 76197] 40619\272 | 59381] 57514 273 
07350273 26 24083|275 | 75917] 40900)276 | 59100] 57796,277 
07628 | 277 24363|279 | 75637} 41181/281 | 58819] 58078)282 


a | | oF Sf I SE ELS 


Parts Parts Parts 
Suvers,| for . | Suvers.} for | Vers. | Suvers.| for } Vers. 
"1 4 


a 


————— | ———_ | | | | ——— | J J | | |] — J 


76° 


" 


65423 
65706] 127 
65989} 132 
66272) 137 
66555} 141 


66837|146 
67120151 
67403) 156 
67686|161 
67969} 165 
68252]170 
68535|175 
68818/179 
69101)184 
69384/189 


69667 
69950 
70233 
70516 
70800 
71083 
71366 
71649 


194 
198 
203 
208 
213 
217 
222 
227 
71932 
72216 


72499 
72782 
73065 
73349 
73632 
73915 


232 
236 
241 
246 
250 
255 
260 
265 
269 
274 
279 
283 


arts 
for 


Parts 
for | Suvers. 


"TABLE XXVIII: 


Decimal Versed and Suversed Sines. 


75049 
75332 
75616 
75899 
76183 
76466 
76750 
77033 
77317 
77601 
77884 


78168 
78451 
78735 
79019 
79303 
79586 
79870 
80154 
80438 
80721 


81005 
81289 
81573 
81857 
82141 
82425 
82708 
82992 
83276 
83560 


83844 
84128 
84412 
84696 
84981 
85265 
85549 
$5833 
86117 
86401 


86685 
86970 
87254 
87538 
87822 
88107 
88391 
88675 
88960 
89244 


89528 
89813 
90097 
90381 
90666 
90950 
91235 
91519 
91804 
92088 


Suvers. 


eG 


Parts 
Vers. | for | Suvers. 
WV 


199 
204 
209 
213 
218 
223 
228 
232 
237 


242 
247 
251 
256 
261 
266 
270 
275 
280 
284 


ar 
for 
Yt 


24951 
24668 
24384 
24101 
23817 
23534 
23250 
22967 
22683 
22399 
22116 


21832 
21549 
21265 
20981 
20697 
20414 


Parts 
Vers. | for | Suvers. 


92088 
92373 
92657 
92942 
93227 
93511 
93796 
94080 
94365 
94650 
94934 


95219 
95504 
95789 
96073 
96358 
96643 
96928 
97213 
97498 
97782 


98067 
98352 
98637 
98922 
99207 
99492 
99777 
00062 
00347 
00632 


00917 
01202 
01487 
01772 
02057 
02343 
02628 
02913 
03198 
03483 


03769 
04054 
04339 
04624 
04910 
05195 
05480 
05766 
06051 
06336 


06622 
06907 
07193 
07478 
07763 
08049 
08334 
08620 
08905 
09191 


Suvers. 


78° 


a 


233 
238 


243 
Q47 
252 
257 
262 


:267 


272 
276 
281 
285 


arts 
for 
/ 


101° 


07912 
07627 
07343 
07058 
06773 
06489 
06204 
05920 
05635 
05350 
05066 


04781 
04496 
04211 
03927 
03642 
03357 
03072 
02787 
02502 
02218 


01933 
01648 
01363 
01078 
00793 
00508 
00223 
99938 
99653 
99368 


99083 
98798 
98513 
98228 
97943 
97657 
97372 
97087 
96802 
96517 


96231 


799 


tt 


17764) 143 


18050} 148 
18336]153 
18623157 
18909] 162 
19195] 167 
19481]172 
19767|176 
20053181 
20339] 186 
20625)191 


20912)195 
21198}200 
21484)205 
21770|210 
22056|214 
22343/219 
22629] 224 
22915|229 
23202|234 
23488] 238 


23774|243 
24060}243 
24347 | 253 
24633) 257 
24920) 262 
25206} 267 
25492|272 
25779|276 


oo |eeoee | — SO -/ |] | 


arts] 
for | Suvers. 


—_—____. | ———. | — | ——______.. | ——— | ————————— | —— | | | | | J] 


_———— es | $$ | —— | | | | | | |e | 


pa ER PR Sea — hers ——— EEE 


oe ee ee, i) i a) eee en.) ns ae ee eee eee 


| 382 
33 : 
34 
35 ; 
36 
37 
; 38 
39 
40 
Al 
42 
43 
: 44 
P 45 { 
46 
47 
‘ 48 
49 
: 50 
: 51 
52 
53 ) 
54 
: 55 
56 
57 
08 
59 é 
60 
I 
$1 " 
DL very, ican age 


“a 


wr 
Vers 


OC MIAN PWWEr OS 


29504 


| 29790 


30077 


| 30364 


30650 
30937 
31224 
31511 
31797 
32084 


32371) 100 


32658) 105 
32944|110 
33231/115 
33518/119 
33805/124 
34092/129 
34379) 134 
34665) 138 
34952/143 


35239|148 
35526/153 
35813|158 
36100}163 
36387 |167 
36674|172 
36961/|177 
37248|182 
37535|187 
37822191 


38109} 196 
38396 |201 
38683 206 
38970210 
39257 |215 
220 
225 
230 


TABLE XXVIII. 


Decimal Versed and Suversed Sines. 


Part 
J Vers, for Suvers. 


73648 
73362 
73075 
72789 
72502 
72216 
71929 
71642 
71356 
71069 
70783 


70496 
70210 
69923 
69636 
69350 


52478 


58235 


Vers. 


43565) 
43853 
44140 
44427 
44715 
45002 
45290 
45577 
45864 
46152 
46439 


46727 
47014 
47302 
47589 
47877 


50752} 120 
51040} 125 
51328/130 
51615} 135 
51903)140 
52191)144 


149 
153 
158 
163 
168 
172 
L7Z 
182 
187 
192 


52766 
53054 
53341 
538629 
53917 
54205 
54492 
54780 
55068 


55356196 


55644 201 
55932 206 
56219 211 
56507 215 
56795 |220 
57083 |225 
57371|230 
57659 235 
57947 |240 


244 
249 
254 
259 
264 
268 
273 
278 
283 
\287 


58523 
5881] 
59099 
59387 
59675 
59963 
60251 
60539 
60827 


l Parts 
Suvers.} f 5r 
Nt 


98° 


Parts 
for | Suvers. 


56435 
56147 
55860 
59573 
55285 
54998 
54710 
54423 
54136 
53848 
53561 
53273 
52986 
52698 
52411 


Vers. 


192 


72647|197 
72935} 202 
73224) 207 
73512)212 
73801)}216 
74090) 221 
74378) 226 
74667 |231 
749551236 
75244|240 


75533245 
75821/250 
76110)255 
76398}260 
76687 | 264 
76976) 269 
77264|274 
77553|279 
77842|284 
78131) 288 


Parts 
Suvers.! for 


wl 


97° 


Suvers. 


39173 
38885 
38597 
38309 
38021 
37733 
37445 
37156 
36868 
36580 
86292 


36004 
35716 
35427 
35139 
34851 
34563 
34274 
33986 
33698 
33410 


33121 
382833 
382545 
32256 
31968 
31680 
31391 
31103 
30815 
30526 


30238 
29949 
29661 
29373 
29084 
28796 
28507 
28219 
27930 
27642 


27353 
27065 
26776 
26488 
26199 
25910 
25622 
25333 
25045 
24756 


24467 
24179 
23890 
23602 
23313 
23024 
22736 
22447 
22158 
21869 


Vers. 


Parts 
Suvers.| for 


96° 


a| . 
Suvers. 


21869 


21581 
21292 
21003 
20714 
20426 
20137 
19848 
19559 
19270 


| 18982 


18693 
18404 
18115 
17826 
17537 
17249 
16960 
16671 
16382 
16093 


15804 
15515 
15226 
14937 
14648 
14359 
14070 
13781 
13492 
13203 


12914 
12625 
12336 
12047 
11758 
11469 
11180 
10891 
10602 
103138 


10023 
09734 
09445 
09156 
08867 
08578 
08289 
07999 
07710 
07421 


07132 
06842 
06553 
06264 
05975 
05686 
05396 
05107 
04818 
04529 


Vers. 


suv.J 


SOF WNwhaQgnriovo 


/ 


" 
i dig] 


TABLE XXVHI, 


Decimal Versed and Suversed Sines. 


84° 85? 86° 87° 


4 Parts| : Parts Parts Parts 
Vers.J| Vers. | for Vers. | for Vers. | for | Suvers. ss | for | Suvers. 
” fle 


69757 

69466 

69176 

68886 

68596 

68306 

68015 

67725 

67435 

67145 

66854 

16032 968] 334: 66564 
16322 
16612 
“16902 
17192 
17482 
17772 
18061 
18351 
98741] 18641 


98451] 18931 63661 

98162] 19221 63371 

97872| 19511 63081 

97583] 19801 62791 

97293] 20091 62500 

97004] 20381 62210 

96714] 20671 31 | 61920 

96425] 20961 ¢ 61629 

96135] 21251 61339 
95846] 21541 5 61049] 56381]145 


95556} 21831 } 60758] 56671)150 
95267] 22121 : 60468] 56962/155 
94977] 22411 : 60178] &7252]160 
94688] 22701 77299 59887] 57543/165 
94398] 22991 77009 59597 

94108} 23281 76719 59306 

93819} 23571 76429 

93529} 23861 76139 58706184 
93240] 24151 75849 ‘ 58996] 189 
92950} 24441 75559 59287)194 


92660] 24731 75269 
07629/203 | 92371] 25021 74979 : 59868) 203 
07919)208 | 92081] 25311 74689 60159/208 
08209/213 | 91791] 25601 74399 60449|213 
08498/218 | 91502] 25891 74109] 4: 60740)218 
08788 |222 | 91212} 26182)222 | 73818 | 61031}223 
09078|227 | 90922} 26472)227 | 73528 : 61321}227 
09367 |232 | 90633] 26762|232 | 73238 
09657 |237 | 90343] 27052/237 | 72948 : 61903]237 
09947 |242 | 90053] 27342/242 | 72658} 44759/242 


10236/247 | 89764] 27632|)247 | 72368] 45050|247 ‘ 62484/247 
10526/252 | 89474] 27922/252 | 72078] 45é 62775|252 
10816/257 | 89184] 282121257 | 71788] 45631/257 9} 63066]257 
11106/261 88894] 28503)261 | 71497 

11395|266 | 88605] 28793]266 | 71207 

116851971 88315] 29083)271 | 70917] 46502/271 63938|271 
119751276 88025} 29373|276 | 70627] 46793]276 ‘ 64228/276 
12265/281 | 87735] 29663}281 | 70337] 47083/281 g 64519/281 
12554/285 | 87446] 29953}285 | 70047} 47374/286 26] 64810/286 
12844 |290 | 87156] 30243}290 | 69757) 47664|290 65101/290 


SCOMANANARWNHH OS 


Parts) _ Parts 
Suvers.| for | Vers. | Suvers.| for | Vers. | Suvers. 
" w” 


94° 


TABLE XXVIII. 197 


Decimal Versed and Suversed Sines, 


89° 


" 
[ vers. Vers. a Suvers.| Vers. tae Suvers. sail 
" KW i 
0 65101; O |! 34899} 82548] O | 17452} 60 
1 
2 65682} 10 | 34818] 83129) 10 | 16871] 58 
3 65973| 15 | 34027] 83420] 15 | 16580] 57 
4 66263] 19 | 33757] 83711] 19 | 16289] 56 
5 66554| 24 | 33446] 84002] 24 | 15998} 55 
6 66845} 29 | 33155] 84293} 29 | 15707] 54 
/ 67136| 34 | 32864} 84583] 34 | 15417] 53 
8 67426] 39 | 32574] 84874] 39 | 15126] 52 
9 67717| 44 | 32283] 85165] 44 | 14835} 51 


31992} 85456] 49 | 14544] 50 


ef fl ff | ES 


31701] 85747} 53 | 14253] 49 
314)1] 86038} 58 | 13962] 48 
31120) 86329] 63 | 13671 w 
30829] 86619} 68 | 13381] 46 
30539] 86910} 73 | 138090] 45 
30248] 87201} 78 | 12799] 44 
29957] 87492) 83 | 12508] 43 
29666] 87783] 87 | 12217] 42 
29376} 88074] 92 | 11926; 41 
29085} 88365] 97 | 11635} 40 


—————— | | ————_ | ———_——___ 
—— fl | —___. 


21 | 71206|102 
22 | 71497|106 | 28503] 88946}107 | 11054] 38 


65391| 5 | 34609] 829838] 5 | 17162] 59 


28794] 88656/102 | 11344} 39 


23 71788/111 | 28212] 89237)112 | 10763] 37 


24 72078|116 | 27922} 89528/116 | 10472} 36 


25 72369|121 | 27631} 89819}121 | 10181} 35 
26 72660/126 | 27340} 90110)126 
27 72951131 | 27049} 90401/131 | 09599] 33 
28 732411136 | 26759} 90692]136 | 09308] 32 
29 73532|140 | 26468] 90983/141 | 09017] 3) 


30 73823|145 | 26177] 91274/145 | 08726} 30 


ey ey ee Scene 


31 74114|150 | 25886] 91564/150 | 08436} 29 


32 74405|155 | 25595} 91855/155 |°08145}] 28 
33 74695|160 | 25305] 92146)160 | 07854] 27 
34 749861165 | 25014} 92437)165 | 07563] 26 
35 75277|170 | 24723] 92728|170 | 07272] 25 
36 75568|175 | 24432] 93019|175 | 06981] 24 
37 75859/179 | 24141] 93310}179 | O6690} 23 
38 76149|184 | 23851] 93600}184 | 06400] 22 


39 | 76440/189 | 23560] 93891/189 | 06109] 21 ; 


40 76731|194 | 23269] 94182/194 | 05818] 20 


ee SS Ce eS eee eee 


41 77022\199 | 22978} 94473)199 | 05527] 19 
42 77313|204 | 22687] 94764|204 | 05236] 18 
43 77603|209 | 22397} 95055/209 | 04945] 17 
44 77894|213 | 22106] 95346/213 | 04654] {6 
45 78185|218 | 21815] 95637|218 | 04363] 15 
46 78476|223 | 21524] 95928)223 | 04072] 14 
47 78767|228 | 21233} 96218)228 | 038782] 18 
48 79058/233 | 20942] 96509/233 | 03491} 12 
49 79348|238 | 20652} 96800/238 | 03200] 11 
50 79639|243 | 20361} 97091|/243 | 02909} 10 


51] 79930 |247 | 20070] 97382|}247 | 02618 
52 80221|252 | 19779] 97673/252 | 02327 


9 

8 
53 80512257 | 19488 97964/257 | 02036 7 
54 80803, 262 | 19197] 98255/262 | 01745 6 
55 81093|}267 | 18907] 98546|267 | 01454 5 
56 81384;272 | 18616] 98836|272 | 01164 4 
57 81675|276 | 18325; 99127)276 | 00873 3 
58 81966)281 | 18034) 99418)281 | 00582 2 
59 82257/286 | 17743] 99709|286 | 00291 1 
60 82548'291 ! 17452} 00000)291 | 00000 0 


SS [ —— —————_ | —————_ | ——__ | [| 


Part Parts 
Suvers. for" Vers. | Suvers, fe Vers. / 
Ta Nt " ” 
vers. rs [ Suv. 
91° 90° 


S: figh? (emer 
W/ 0° O/ 


CONTRO BWNH eS 


2.4206 
2.4102 
2.4000 


40| 2.4314 


pun rm, 
Poo a 


2.2553 
2.2481] 
2.2410 
2.2341 
2.2272 


2.0696 
2.0649 
2.0603 
2.0557 
2.0512 
2.0467 
2.0422 
2.0378 


2.0334 


2.029] 
2.0248 
2.0206 
2.0164 
2.0122 
2.0081 


bh: Wim. 


Oo! 


1.9542 
1.9506 
1.9471 
1.9435 
1.9400 


TABLE XXIX. 


Proportional Logarithms. 


|tWe 238 


O40 


1.7782 
1.7757 
1.7734 
1.7710 
1.7686 
1.7663 
1.7639 
1.7616 
1.7593 


1.6990 


1.6970 |. 
* 1.6950 


1.6936 


1.6910 | 


1.6890 
1.6871 
1.6851 
1.6832 


het: 


o° 4/ 


1.6532 
1.6514 
1.6496 
1.6478 
1.6460 
1.6443 


1.5607 
1.5592 
1.5577 


h. m. 
0° 5/ 


1.5563 
1.5549 
- 1.5534 
1.5520 
1.5505 


1.5084 
1.5071 
1.5058 
1.5045 
1.5032 


1.5019 
1.5007 
1.4994 
1.498] 
1.4969 
1.4956 


| S| |  _ | | 


—___—___— 
—————————— 


———— qe | que) oe —/ | tT | | | 


enn, J 
— 
—_— | | 


oo | | | ee ——$—______ 
a ——— 
—_—_ 


—_-___ 


Ss. 
it 


SONAUBRWNHKH OC 


— 
o 


h. m. 


0° 9/ 


1.3010 
1.3002 
1.2994 
1.2986 
1.2978 
1.2970 
1.2962 
1.2954 
1.2946 
1.2939 


1.2931 
1.2923 
1.2915 
1.2907 
1.2899 
1.2891 
1.2883 
1.2876 
1.2868 
1.2860 


i rin: 
0° 10’ 


1.2553 
1.2545 
1.2538 
1.2531 
1.2524 
1.2517 
1.2510 
1.2502 
1.2495 


1.2488 . 


1.2481 
1.2474 
1.2467 
1.2460 
1.2453 


1.2410 
1.2403 
1.2396 
1.2389 
1.2382 


1.2252 
1.2245 


h. m. 
0° 11/ 


1.2139 
1.2132 
1.2126 
1.2119 
1.2113 
1.2106 
1.2099 
1.2093 
1.2086 
1.2080 
1.2073 
1.2067 
1:2061 
1.2054 
1.2048 


1.1791 
1.1785 
1.1779 
1.1773 
1.1767 


TABLE XXIX. 


Proportional Logarithms. 


Hen. | oh: 
0° 12’ | 0° 


1.1761 
1.1755 
1.1749 
1.1743 
1.1737 
1.1731 
1.1725 
1.1719 
aI7i3 
1.1707 


1.1701 
1.1695 
1.1689 


~ 1.1683 


1.1677 


1.1413 
1.1408 
1.1402 
11597 
1.1391 
1.1385 
1.1380 
1.1374 
1.1369 
1.1363 


1.1358 
1.1352 
1.1347 
1.1341 
1.1336 


my? ohm: 
13/ |.0° 14/ 


1.1091 
1.1086 
1.1081 
1.1076 
1.1071 
1.1066 
1.1061 
1.1055 
1.1050 
1.1045 


1.1040 
1.1035 
1.1030 
1.1025 
1.1020 


1.0816 
1.0811 
1.0806 
1.0801 
1.0797 


h. m. 
O° 15/ 


1.0792 
1.0787 
1.0782 
1.0777 
1.0773 
1.0768 
1.0763 
1.0758 
1.0753 
1.0749 


1.0744 
1.0739 
1.0734 
1.0729 
1.0725 


1.0524 
1.0530 
1.0525 
1.0521 
1.0516 


liapieuany 
0° 16/ 


1.0512 
1.0507 
1.0502 
1.0498 
1.0493 
1.0489 
1.0484 
1.0480 
1.0475 
1.0471 


1.0467 
1.0462 
1.0458 
1.0453 


1.0449» 


199 


he 4m: 
0° 17/ 


1.0197 
1.0193 
1.0189 


0° 18’ 


m.|h. m. 


0°19/|0° 


9765 
9761 
9758 
9754 
9750 

9746 


Ce eS ee ey eS EEE ee) Pe 


h. m. 


20! 


TABLE XXIX. 


Proportional Logarithms. 


h. m. 


9296 
9293 
9289 
9286 
9283 
9279 
9276 
9272 
9269 
9265 


| | 9262 


9259 
9255 
9252 
9249 
9245 


0°21 


Abs m. 
| 9128 
9125 
9122 
9119 
9115 


0°22' 


Deen: 


8935 
8932 
8929 

8926 


m./h. 


8751 
8748 
8745 
8742 
8739 
8736 


(0°22/|o°23! oa o>25/| 0°26 0°27 "0°98! (0°20! 


8573 
8570 
8567 
8565 
8562 


m.|h. m. 


0°26//0 


8403 
8400 
397 
8395 
8392 


8293 
8290 
8288 
8285 
8282 


ih, m. 


ea! 


8239 
8236 
8234 
8231 
8228 


————. | ———————<—q— jue jum — | —— | —-— 


h. m. 


0°28! 


8081 
8079 
8076 
8073 
8071 
8068 


h. m. 
0°29/ 


7929 
7926 
7924 
7921 
7919 


TABLE XXIX. 201 
Proportional Logarithms. 


h. m.jh. m.{h. m. 
0°39/|0°40/|0°4 1/ 
6532 | 6425 
6530 | 6423 
6528 | 6421 
6527 | 6420 
6525 | 6418 
6523 | 6416 
6521 | 6414 
6519 | 6412 


h. m. 
°39/ 


h. m. 
0°37! 


h. m. 
0°36' 


bem: 


0°35/ 


h.. m. 


0°34/ 


h. m. 


0°33/ 


7368 
7365 
7363 
7361 
7359 
7357 
7354 
7352 


h. m. 


$s: |e m.{ hem. 
0°32’ 


1 10°30'\0°3 1/ 


7782 | 7639 
7779 | 7637 
7777 | 7634 
7774 | 7632 
7772 | 7630 
7769 | 7627 
7767 | 7625 
7765 | 7623 


7501 
7499 
7497 
7494 
7492 
7490 
7488 
7485 


7238 
7236 
7234 
7232 
7229 
7227 
7225 
7223 


7112 | 6990 | 6871 | 6755 | 6642 
7110 | 6988 | 6869 | 6753 | 6640 
7108 | $986 | 6867 | 6751 | 6638 
7106 | 6984 | 6865 | 6749 | 6637 
7104 | 6982 | 6863 | 6747 | 6635 
7102 | 6980 | 6861 | 6745 | 6633 
7100 | 6978 | 6859 } 6743 | 6631 
7098 | 6976 | 6857 | 6742 | 6629 
7762 | 7620 | 7483 | 7350 | 7221 | 7095 | 6974 | 6855 | 6740 | 6627 | 6518 | 6411 
7760 | 7618 | 7481 | 7348 | 7219 | 7093 | 6972 | 6853 | 6738 | 6625 | 6516 | 6409 


a YE | | | | | 


7757 | 7616 | 7479 | 7346 | 7217 | 7091 | 6970 | 6851 | 6736 | 6624 | 6514 | 6407 
7755 | 7613 | 7476 | 7343 | 7215 | 7089 | 6968 | 6849 | 6734 | 6622 | 6512 | 6405 
7753 | 7611 | 7474 | 7341 | 7212 | 7087 | 6966 | 6847 | 6732 | 6620 | 6510 | 6404 
7750 | 7609 | 7472 | 7339 | 7210 | 7085 | 6964 | 6845 | 6730 | 6618 | 6509 | 6402 
7748 | 7606 | 7470 | 7337 | 7208 | 7083 | 6962 | 6843 | 6728 | 6616 | 6507 | 6400 
7745 | 7604 | 7467 | 7335 | 7206 | 7081 | 6960 | 6841 | 6726 | 6614 | 6505 | 6398 
7743 | 7602 | 7465 | 7333 | 7204 | 7079 | 6958 | 6839 | 6724 | 6612 | 6503 | 6397 
7741 | 7600 | 7463 | 7330 | 7202 | 7077 | 6956 | 6838 | 6723 | 6614 | 6501 | 6395 
7738 | 7597 | 7461 | 7328 | 7200 | 7075 | 6954 | 6836 | 6721 | 6609 | 6500 | 6333 
7736 | 7595 | 7458 | 7326 | 7198 | 7073 | 6952 | 6834 | 6719 | 6607 | 6498 | 6391 


—_—— fF —_— | — | | | | | EO | 


7734 | 7593 | 7456 | 7324 | 7196 | 7071 | 6950 | 6832 | 6717 | 6605 | 6496 | 6390 
7731 | 7590 | 7454 | 7322 | 7193 | 7069 | 6948 | 6830 | 6715 | 6603 | 6494 | 6388 
7729 | 7588 | 7452 | 7320 | 7191 | 7067 | 6946 | 6828 | 6713 | 6601 | 6492 | 6386 
7726 | 7586 | 7449 | 7317 | 7189 | 7065 | 6944 | 6826 | 6711 | 6600 | 6491 | 6384 
7724 | 7583 | 7447 | 7315 | 7187 | 7063 | 6942 | 6824 | 6709 | 6598 | 6489 | 6383 
7722 | 7581 | 7445 | 7313 | 7185 | 7061 | 6940 | 6822 | 6707 | 6596 | 6487 | 6381 
7719 | 7579 | 7443 | 7311 | 7183 | 7059 | 6938 | 6820 | 6706 | 6594 | 6485 | 6379 
7717 | 7577 | 7441 | 7309 | 7181 | 7057 | 6936 | 6818 | 6704 | 6592 | 6484 | 6377 
7714 | 7574 | 7438 | 7307 | 7179 | 7054 | 6934 | 6816 | 6702 | 6590 | 6482 | 6376 
7712 | 7572 | 7436 | 7304 | 7177 | 7052 | 6932 | 6814 | 6700 | 6589 | 6480 | 6374 


7710 | 7570 | 7434 | 7302 | 7175 | 7050 | 6930 | 6812 | 6698 | 6587 | 6478 | 6372 
7707 6476 | 6370 


7567 | 7432 | 7300 | 7172 | 7048 | 6928 | 6810 | 6696 | 6585 
7705 | 7565 | 7429 | 7298 | 7170 | 7046 | 6926 | 6809 | 6694 | 6583 | 6475 | 6369 
7703 | 7563 | 7427 | 7296 | 7168 | 7044 | 6924 | 6807 | 6692 | 6581 | 6473 | 6367 
7700 6471 | 6365 
6469 | 6363 
6467 | 6362 
7554 | 7418 | 7287 | 7160 | 7036 | 6916 | 6799 | 6685 | 6574 | 6466 | 6360 
7691 | 7551 | 7416 | 7285 | 7158 | 7034 | 6914 | 6797 | 6683 | 6572 | 6464 | 6358 

7688 

7028 | 6908 | 6791 | 6677 | 6567 | 6459 | 6353 
7026 | 6906 | 6789 | 6676 | 6565 | 6457 | 6351 


conawrknonre & 


— jp 
—oO 


an 


7558 | 7423 | 7291 | 7164 | 7040 | 6920 | 6803 | 6689 | 6578 
7696 | 7556 | 7421 | 7289 | 7162 | 7038 | 6918 | 6801 | 6687 | 6576 
7693 

7030 | 6910 | 6793 | 6679 | 6568 | 6460 | 6355 


7154 
7152 
7149 
7147 
7145 
7143 
7141 
4139 


7281 
7279 
7276 
7274 
7272 
7270 
7268 
7266 


7412 
7409 
7407 
7405 
7403 
7401 
7398 
7396 


7547 
7544 
7542 
7540 
7538 
7535 
7533 
7531 


7684 
7681 
7679 
7677 
7674 
7672 
7670 


7560 | 7425 | 7294 | 7166 | 7042 | 6922 | 6805 | 6691 | 6579 

7698 
7549 | 7414 | 7283 | 7156 | 7032 | 6912 | 6795 | 6681 | 6570 | 6462 | 6357 

7686 
7024 | 6904 | 6787 | 6674 | 6563 | 6455 | 6359 
7022 | 6902 | 6785 | 6672 | 6561 | 6453 | 6348 
7020 | 6900 | 6784 | 6670 | 6559 | 6451 | 6346 
7018 | 6898 | 6782 | 6668 | 6557 | 6450 | 6344 
7016 | 6896 | 6780 | 6666 | 6556 | 6448 | 6343 


7667 | 7528 | 7394 | 7264 | 7137 | 7014 | 6894 | 6778 | 6664 | 6554 | 6446 | 6341 
7665 | 7526 | 7392 | 7261 | 7135 | 7012 | 6892 | 6776 | 6662 | 6552 | 6444 | 6339 


FE | | | | ———————_ | | | | | | | — 


7662 | 7524 | 7390 | 7259 | 7133 | 7010 | 6890 | 6774 | 6661 | 6550 | 6443 | 6338 
7660 | 7522 | 7387 | 7257 | 7131 | 7008 | 6888 | 6772 | 6659 | 6548 | 6441 | 6336 
7658 | 7519 | 7385 | 7255 | 7129 | 7006 | 6886 | 6770 | 6657 | 6547 | 6439 | 6334 
7655 | 7517 | 7383 | 7253 | 7126 | 7004 | 6884 | 6768 | 6655 | 6545 | 6437 | 6332 
765%) 7515 | 7381 | 7251 | 7124 | 7002 | 6882 | 6766 | 6653 | 6543 | 6435 | 6331 
7651 | 7513 | 7379 | 7249 | 7122 | 7000 | 6880 | 6764 | 6651 | 6541 | 6434 | 6329 
7648 | 7510 | 7376 | 7246 | 7120 | 6998 | 6878 | 6762 | 6649 | 6539 | 6432 | 6327 
7646 | 7508 | 7374 | 7244 | 7118 | 6996 | 6877 | 6761 | 6648 | 6538 | 6430 | 6325 
7644 | 7506 | 7372 | 7242 | 7116 | 6994 | 6875 | 6759 | 6646 | 6536 | 6428 | 6324 
7641 | 7503 | 7370 | 7240 | 7114 | 6992 | 6873 | 6757 | 6644 | 6534 | 6427 | 6322 


— 
os 


frotsoneiosen mo tsaciees 


5. 
I 


h. m. 


0°49! 


6320 
6318 
6317 
6315 
6313 
6312 
6310 
6308 
6306 
6305 
6303 
6301 
6300 
6298 
6296 
6294 


—_———— | OO OE ee ee eee ee ee ey | 
ee 
ee 


h. m.{h. m. 


0°43/\0°44/ 


6218 
6216 
6215 
6213 
6211 
6210 
6208 
6206 
6205 
6203 


6201 
6200 
6198 
6196 
6194 


6118 
6117 
6115 
6113 
6111 
6110 
6108 
6107 
6105 
6103 


6102 
6100 
6099 
6097 
6095 
6094 


TABLE XXIX. 


Proportional Logarithms. 


h. m.|h. m. 


0°45/10°46’ 


6021 
6019 
6017 
6016 
6014 
6013 
6011 
6009 
6008 
6006 


5925 
5924 
5922 
5920 
5919 
5917 
5916 
5914 
0913 
591i 


6004 | 5909 


6003 
6001 
6000 
9998 


5908 
5906 
5905 
5903 
5902 
5900 
5898 
5897 
5895 


| FF |S | 


5894 
5892 
5891 
5889 
5888 
5886 
5884 
5883 
5881 
5880 


_— | | | Sa 
—_——_ | —____ 


5878 
5877 
5875 
5874 
5872 
5870 
5869 
5867 
5866 
5864 


5863 
5861 
5860 
5858 
5856 
5855 
5853 
5852 
5850 
5849 


5847 


5846 
5844 


h. m. 


0°47! 


5832 
5830 
5829 
5827 
5826 
5824 
9823 
5821 
5819 
5818 
5816 
5815 
5813 
5812 
5810 
5809 
5807 
5806 
5804 
9503 
5801 
5800 
5798 
9796 
5795 
9793 
5792 
5790 
5789 
5787 


5786 
5784 
5783 
5781 
5780 
5778 
5777 
5775 
5774 
5772 


577] 
5769 
5768 
5766 
5764 
5763 
5761 
5760 
5758 
5757 


5755 
5754 
5752 
5751 
5749 
5748 
5746 
5745 
5743 
5742 


h. m.th, 
0°48/|0°49/ 


5740 
5739 
5737 
5736 
5734 
5733 
5731 
5730 
5728 
2727 
5725 
5724 
5722 
572] 
5719 
5718 
5716 
5715 
5713 
5712 


5710 
5709 
5707 
5706 
5704 
5703 
5701 
5700 
5698 
5697 
5695 
5694 
5692 
5691 
5689 
5688 
5686 
9685 
5683 
5682 
5680 
5679 
5677 
5676 
5674 
5673 
5671 
5670 
5669 


5667 


5666 
5664 
5663 
5661 
5660 
5658 
5657 
5655 
5654 
5652 


m. 


5651 
5649 
5648 
5646 
5645 
5643 
5642 
5640 
9639 
5637 


5636 | 5549 


5634 
5633 
5632 
5630 
5629 
5627 
5626 
5624 
5623 
5621 
5620 
5618 
5617 
5615 
5614 
5612 
5611 
5610 
5608 


5607 
5605 
5604 
5602 
560) 
5999 
5598 
5596 
5595 
9594 
9992 
5591 
9989 


| 5588 


5586 
55985 
9983 
59582 
5580 
5579 


5577 | 5491. 


5576 
5575 
5573 
5572 
5570 


5569 


5567 
5566 } 
5564 


| 5481 


h. m.jh. m. 
0°50/]0°5 1/ 
5477 
5476 
5474 
5473 
5471 
5470 
5469 
5467 
5466 
5464 


5463 
5461 
5460 
5459 
5457 
5456 
9454 
5453 
5452 
5450 


5563 
55962 
5560 
9559 
5557 
5556 
5554 
5553 
5551 
5550 


5547 
6546 
5544 
5543 
5541 
5540 
5538 
5537 
5536 


5534 
5533 
5531 
5530 
5528 
5527 
9525 
9524 
9523 
5521 


5449 
5447 
5446 
5444 
5443 
5442 
5440 
5439. 
5437 
5436 


5520 
5518 
5517 
5516 
5514 
5513 
951] 
5510 
5508 
5507 


5435 
5433 
5432 
5430 
5429 
9428 
9426 
5425 
5423 
5422 


9505 
5504 
5503 
5501 
5500 
5498 
5497 
9495 
5494 
5493 


5421 
5419 
5418 
5416 
5415 
5414 
5412 
541] 
5409 
5408 

5407 

5405 

5404 

5402 
5401 
5400 
5398 
9397 
5395 
5394 


5490 
5488 
5487 
5486 
5484 
5483 


5480 
5478 


h. m. 


0°69’ 


5393 
5391 
5390 
5389 
5387 
5386 
5384 
5383 
5382 
5380 
5379 
5377 
5376 
5375 
5373 
5372 
5370 
5369 
5368 
5366 
5365 
5364 
5362 
5361 
5359 
5358 
5357 
5355 
5354 
5352 


5351 
5350 
5348 
9347 
5346 
5344 
9343 
5341 
5340 
5339 
5337 
5336 
5335 
5333 
5332 
5331 


9329 


5328 
5326 
5325 


5324 | 5242 


5322 


5321 


5319 
5318 
5317 
5315 
5314 
5313 
5311 


5252 | 


hi. th. 


0°53/ 


5310 
5309 
5307 
5306 
5304 
5303 
5302 
5300 
5299 
5298 
5296 
5295 
5294 
5292 
5291 
5290 
5288 
5287 
5285 
5284 


5283 
528] 
5280 
5279 
5277 
5276 
9275 
5273 
5272 
5270 


5269 
5268 
5266 
5265 
5264 
5262 
5261 
5260 | 
5258 | 
5257 | 
5256 | 
5254 | 
5253 | 


5250 
5249 
5248 
59246 
5245 
5244 


524] 
5259 
5238 
5237 
5235 
5234 
5233 | 
5231 
5230 


TABLE XXIX. 203 | 
Proportional Logarithms. 


| RR SS SS RE 
s. th. m.Jh. mh. m./h. m.[h. m./h. m.Jh. mth. m./h. m.{h. m.{/h. mth. om. 
” 10°54’/10°55'10°56/10°57/10°58’10°5 911° O12 111° 2741° 341° 47119 5/ 


5229 | 5149 | 5071 | 4994 | 4918 | 4844 | 4771 | 4699 | 4629 | 4559 | 4491 | 4424 
5227 | 5148 | 5070 | 4993 | 4917 | 4843 | 4770 | 4598 | 4627 | 4558 | 4490 | 4422 
5226 | 5146 | 5068 | 4991 | 4916 | 4842 | 4769 | 4697 | 4626 | 4557 | 4489 | 4421 
5225 | 5145 | 5067 | 4990 | 4915 | 4841 | 4768 | 4696 | 4625 | 4556 | 4488 | 4420 
5223 | 5144 | 5066 | 4989 | 4913 | 4839 | 4766 | 4694 | 4624 | 4555 | 4486 | 4419 
5222 | 5142 | 5064 | 4988 | 4912 : 4623 | 4554 

5221 | 5141 | 5063 | 4986 | 4911 4622 | 4552 

5219 | 5140 | 5062 | 4985 | 4910 4620 | 4551 

5218 | 5139 | 5060 | 4984 | 4908 
5217 | 5137 | 5059 | 4983 | 4907 


9215 | 5136 | 5058 | 4981 | 4906 
5214 | 5135 | 5057 | 4980 | 4905 
5213 | 5133 | 5055 | 4979 | 4903 
5211 | 5132 | 5054 | 4977 | 4902 
5210 | 5131 | 5053 | 4976 | 4901 
5209 | 5129 | 5051 | 4975 | 4900 
5207 | 5128 | 5050 | 4974 | 4898 
5206 | 5127 | 5049 | 4972 | 4897 
5205 | 5125 | 5048 | 4971 | 4896 
5203 | 5124 | 5046 | 4970 | 4895 


5202 | 5123 | 5045 | 4969 | 4894 
5201 | 5122 | 5044 | 4967 | 4892 
5199 | 5120 | 5042 | 4966 | 4891 
5198 | 5119 | 5041 | 4965 | 4890 
5197 | 5118 | 5040 | 4964 | 4889 


CONAanhwne oO 


4946 
4945 


4943 

4942 

4941 

4940 
5092 | 5014 | 4938 
5090 | 5013 4937 
5089 | 5012 | 4936 
5088 | 5010 | 4935 
5086 | 5009 | 4933 
5085 | 5008 | 4932 


5084 | 5007 | 4931 

5082 | 5005 | 4930 | 485: 

5081 | 5004 | 4928 | 48: 500 | 4432 
5080 | 5003 | 4927 | 48: ; 443} 
5079 | 5002 | 4926 7 4430 
3077 | 5000 | 4925 | 48: 4429 
5076 | 4999 | 4923 : 4428 
5075 | 4998 | 4922 : 4427 
5073 | 4996 | 4921 4426 
5072 | 4995 | 4920 ’ 7 4425 


TABLE XXIX. 


sua Logarithms. 


Relate m./h, ma./h. m. m.{/h. m.jh. m.|/h. m.|h. m.|h. m./h. mm.[h. m. 
/ 


AB ii Fars 1° 9f 110! 1°11|1°19"|1°13/|1°14/ 1°16/|1°17’ 


4357 | 4292 | 4228 | 4164 | 4102 | 4040 | 3979 | 3919 | 3860 | 3802 | 3745 | 3688 
4356 | 4291 | 4227 | 4163 | 4101 } 4039 | 3978 | 3918 | 3859 | 3801 | 3744 | 3687 
4355 | 4290 | 4225 | 4162 | 4100 | 4038 | 3977 | 3917 | 3858 | 3800 | 3743 | 3686 
4354 | 4289 | 4224 | 4161 | 4099 | 4037 | 3976 | 3917 | 3857 | 3799 | 3742 | 3685 
4353 | 4288 | 4223 | 4160 | 4098 | 4036 | 3975 | 3916 | 3856 | 3798 | 3741 | 3684 
4352 | 4287 d 

4351 | 4285 

4350 | 4284 

4348 | 4283 

4347 | 4282 


4346 | 4281 
4345 | 4280 
4344 | 4279 
4343 | 4278 
4342 | 4277 
434] 

4340 


4270 
4269 
4268 
4267 
4266 
4265 
4264 
4263 
4262 
4261 


4260 

4259 

4257 

4256 

4255 

4254 

4253 

4252 

4251 

4250 
4314 | 4249 | 4185 
4313 | 4248 | 4184 
4311 | 4247 | 4183 
4310 | 4246 | 4182 
4309 | 4245 | 4181 
4308 | 4244 | 4180 
4307 | 4243 | 4179 
4306 | 4241 | 4178 
4305 | 4240 | 4177 
4304 | 4239 | 4176 


4303 | 4238 | 4175 
43202 | 4237 | 4174 
4301 | 4236 | 4173 
4299 | 4235 | 4172 
4298 | 4234 | 4171 
4297 | 4233 | 4169 
4296 | 4232 | 4168 
4295 | 4231 | 4167 
4294 | 4230 | 4166 
4293 | 4229 | 4165 


TABLE XXIX. 205 | 


Proportional Logarithms. 


s. |h. m.jh. m./h. m.jh. m.{h. m.{h. m.{h. m.jh. m.Jh. m.jh. m.{h. m. 
# 1218/|1°19/]1°0/|1°21/| 1222" 1°23/ Legal teas) 1°26/|1927/|1°28/|1°29/ 


3632 | 3576 | 3522 | 3468 | 3415 | 3362 | 3310 | 3259 | 3208 | 3158 | 3108 
3631 | 3575 | 3521 | 3467 | 3414 | 3361 | 3309 | 3258 | 3207 | 3157 | 3107 
3630 | 3575 | 3520 | 3466 | 3413 | 3360 | 3308 | 3257 | 3206 | 3156 | 3106 
3629 | 3574 | 3519 | 3465 | 3412 | 3359 | 3307 | 3256 | 3205 | 3155 | 3105 
3628 | 3573 | 3518 | 3464 | 3411 | 3358 | 3306 | 3255 | 3204 | 3154 | 3105 
3627 | 3572 | 3517 | 3463 | 3410 | 3358 | 3306 | 3254 | 3203 | 3153 | 3104 
3626 | 3571 | 3516 | 3463 | 3409 | 3357 | 3305 | 3253 | 3203 | 3153 | 3103 
3625 | 3570 | 3515 | 3462 | 3408 | 3356 | 3304 | 2253 | 3202 | 3152 | 3102 
3624 | 3569 | 3515 | 3461 | 3407 | 3355 | 3303 | 3252 | 3201 | 3151 | 3101 
3623 | 3568 | 3514 | 3460 | 3407 | 3354 | 3302 | 3251 | 3200 | 3150 | 3101 


3622 | 3567 | 3513 | 3459 | 3406 | 3353 | 3301 | 3250 | 3199 | 3149 | 3100 
3622 | 3566 | 3512 | 3458 | 3405 | 3352 | 3300 | 3249 | 3198 | 3148 | 3099 
3621 | 3565 | 3511 | 3457 | 3404 | 3351 | 3300 | 3248 | 3198 | 3148 | 3098 
3620 | 3565 | 3510 | 3456 | 3403 | 3351 | 3299 | 3247 | 3197 | 3147 | 3097 
3619 | 3564 | 3509 | 3455 | 3402 | 3350 | 3298 | 3247 | 3196 | 3146 | 3097 
3618 | 3563 | 3508 | 3454 | 3401 | 3349 | 3297 | 3246 | 3195 | 3145 | 3096 
3617 | 3562 | 3507 | 3454 | 3400 | 3348 | 3296 | 2245 | 3194 | 3144 | 3095 
3616 | 3561 | 3506 | 3453 | 3400 | 3347 | 3295 | 3244 | 3193 | 3143 | 3094 
3615 | 3560 | 3506 | 3452 | 3399 | 3346 | 3294 | 5243 | 3193 | 3143 | 3093 
3614 | 3559 | 3505 | 3451 | 3398 | 3345 | 3294 | 3242 | 3192 | 3142 | 3092 


3613 | 3558 | 3504 | 3450 | 3397 | 3344 | 3293 | 3241 | 3191 | 3141 | 3091 
3612 | 3557 | 3503 | 3449 | 3396 | 3344 | 3292 | 3241 | 3190 | 3140 | 3091 
3611 | 3556 | 3502 | 3448 | 3395 | 3343 | 3291 | 3240 | 3189 | 3139 | 3090 
3610 | 3555 | 3501 | 3447 | 3394 | 3342 | 3290 | 3239 | 3188 | 3138 | 3089 
3610 | 3555 | 3500 | 3446 | 3393 | 3341 | 3289 | 3238 | 3188 | 3138 | 3088 | ¢ 
3609 | 3554 | 3499 | 3446 | 3393 | 3340 | 3288 | 3237 | 3187 | 3137 | 3087 
3608 | 3553 | 3498 | 3445 | 3392 | 3339 | 3287 | 3236 | 3186 | 3136 | 3087 
3607 | 3552 | 3497 | 3444 | 3391 | 3338 | 3287 | 3236 | 3185 | 3135 | 3086 | < 
3606 | 3551 | 3496 | 3443 | 3390 | 3338 | 3286 | 3235 | 3184 | 3134 | 3085] ¢ 
3605 | 3550 | 3496 | 3442 | 3389 | 3337 | 3285 | 3234 | 3183 | 3133 | 3084 


3604 | 3549 | 3495 | 3441 | 3388 | 3336 | 3284 | 3233 | 3183 | 3133 | 3083 
3603 | 3548 | 3494 | 3440 | 3387 | 3335 | 3283 | 3232 | 3182 | 3132 | 3082 
3602 | 3547 | 3493 | 3439 | 3386 | 3334 | 3282 | 3231 | 3181 | 3131 | 3082 
3601 | 3546 | 3492 | 3438 | 3386 | 3333 | 3282 | 3231 | 3180 | 3130 | 3081 
3600 | 3545 | 3491 | 3438 | 3385 | 3332 | 3281 | 3230 | 3179 | 3129 | 3080 
3599 | 3544 | 3490 | 3437 | 3384 | 3331 | 3280 | 3229 | 3178 | 3128 | 3079 
3598 | 3544 | 3489 | 3436 | 3383 | 3331 | 3279 | 3228 | 3178 | 3128 | 3078 
3598 | 3543 | 3488 | 3435 | 3382 | 3330 | 3278 | 3227 | 3177 | 3127 | 3078 
3597 | 3542 | 3488 | 3434 | 3381 | 3329 | 3277 | 3226 | 3176 | 3126 | 3077 
3596 | 3541 | 3487 | 3433 | 3380 | 3328 | 3276 | 3225 | 3175 | 3125 | 3076 


3595 | 3540 | 3486 | 3432 | 3379 | 3327 | 3276 | 3225 | 3174 | 3124 | 3075 
3594 | 3539 | 3485 | 3431 | 3378 | 3326 | 3275 | 3224 | 3173 | 3124 | 3074 
3593 | 3538 | 3484 | 3431 | 3378 | 3325 | 3274 | 3223 | 3173 | 3123 | 3073 
3592 | 3537 | 3483 | 3430 | 3377 | 3325 | 3273 | 3222 | 3172 | 3122 | 3073 
3591 | 3536 | 3482 | 3429 | 3376 | 3324 | 3272 | 3221 | 3171 | 3121 | 3072 
3590 | 3535 | 3481 | 3428 | 3375 | 3323 | 3271 | 3220 | 3170 | 3120 | 3071 
3589 | 3534 | 3480 | 3427 | 3374 | 3322 | 3270 | 3219 | 3169 | 3119 | 3070 
3588 | 3533 | 3479 | 3426 | 3373 | 3321 | 3270 | 3219 | 3168 | 3119 | 3069 
3587 | 3533 | 3479 | 3425 | 3372 | 3320 | 3269 | 3218 | 3168 | 3118 | 3069 
3586 | 3532 | 3478 | 3424 | 3371 | 3319 | 3268 | 3217 | 3167 | 3117 | 3068 | : 


3586 | 3531 | 3477 | 3423 | 3371 | 3319 | 3267 | 3216 | 3166 | 3116 | 3067 
3585 | 3530 | 3476 | 3423 | 3370 | 3318 | 3266 | 3215 | 3165 | 3115 | 3066 
3584 | 3529 | 3475 | 3422 | 3369 | 3317 | 3265 | 3214 | 3164 | 3114 | 3065 
3583 | 3528 | 3474 | 3421 | 3368 | 3316 | 3264 | 3214 | 3163 | 3114 | 3064 
3582 | 3527 | 3473 | 3420 | 3367 | 3315 | 3264 | 3213 | 3163 | 3113 | 3064 
3581 | 3526 | 3472 | 3419 | 3366 | 3314 | 3263 | 3212 | 3162 | 3112 | 3063 
3580 | 3525 | 3471 | 3418 | 3395 | 3313 | 3262 | 3211 | 3161 | 3111 | 3062] : 
3579 | 3525 | 3471 | 3417 | 3365 | 3313 | 3261 | 3210 | 3160 | 3110 | 3061 
3578 | 3524 | 3470 | 3416 | 3364 | 3312 | 3260 | 3209 | 3159 | 3109 | 3060 
3577 | 3523 | 3469 | 3415 | 3363 | 3311 | 3259 | 3209 | 3158 | 3109 | 3060 


WONAHUR ON — © 


TABLE XXIX. 


Proportional Logarithms. 


h. m.Jh. m.{[h. m.[/h. m.th. m.Jh. m.jh. m./h. m.{h. m.{h. m./h. m.{h. m. 
1°30! 1°31 1°32"| 1°33/| 1°34 1°35/11936'| 19377] 1°38/11°39/| 1940/| 1°4.1/ 


3010 | 2962 | 2915 | 2868 | 2821 | 2775 | 2730 | 2685 | 2640 | 2596 | 2553 | 2510 
3009 | 2961 | 2914 | 2867 | 2821 | 2775 | 2729 | 2684 | 2640 | 2596 | 2552 | 2509 
3009 | 2961 | 2913 | 2866 | 2820 | 2774 | 2728 | 2683 | 2639 | 2595 } 2551 | 2508 
3008 | 2960 | 2912 | 2866 | 2819 } 2773 | 2728 | 2683 | 2638 | 2594 | 2551 | 2507 
3007 | 2959 | 2912 | 2865 | 2818 | 2772 | 2727 | 2682 | 2637 | 2593 | 2550 | 2507 
3006 | 2958 | 2911 | 2864 | 2818 | 2772 | 2726 | 2681 | 2637 | 2593 | 2549 | 2506 
3005 | 2958 | 2910 | 2863 | 2817 | 2771 | 2725 | 2681 | 2636 | 2592 | 2548 | 2505 
3005 | 2957 | 2909 | 2862 | 2816 | 2770 | 2725 | 2680 | 2635 | 2591 | 2548 | 2504 
3004 | 2956 | 2909 | 2862 | 2815 | 2769 | 2724 | 2679 | 2634 | 2590 | 2547 | 2504 
3003 | 2955 | 2908 | 2861 | 2815 | 2769 | 2723 | 2678 | 2634 | 2590 | 2546 | 2503 


3002 | 2954 | 2907 | 2860 | 2814 | 2768 | 2722 | 2678 | 2633 | 2589 | 2545 | 2502 
3001 | 2954 | 2906 | 2859 | 2813 | 2767 | 2722 | 2677 | 2632 | 2588 | 2545 | 2502 
3001 | 2953 | 2905 | 2859 | 2812 | 2766 | 2721 | 2676 | 2632 | 2588 | 2544 | 2501 
3000 | 2952 | 2905 | 2858 | 2811 | 2766 | 2720 | 2675 | 2631 | 2587 | 2543 | 2500 
2999 | 2951 | 2904 | 2857 | 2811 | 2765 | 2719 | 2675 | 2630 | 2586 | 2543 | 2499 
2998 | 2950 | 2903 | 2856 | 2810 | 2764 | 2719 | 2674 | 2629 | 2585 | 2542 | 2499 
2997 | 2950 | 2902 | 2855 | 2809 | 2763 | 2718 | 2673 | 2629 | 2585 | 2541 | 2498 
2997 4 2949 | 2901 | 2855 | 2808 | 2763 | 2717 | 2672 | 2628 | 2584 | 2540 | 2497 
2996 | 2948 | 2901 | 2854 | 2808 | 2762 | 2716 | 2672 | 2627 | 2583 | 2540 | 2497 | 
2995 | 2947 | 2900 | 2853 | 2807 | 2761 | 2716 | 2671 | 2626 | 2582 | 2539 | 2496 


2994 | 2946 | 2899 | 2852 | 2806 | 2760 | 2715 | 2670 | 2626 | 2582 | 2538 | 2495 | 
2993 | 2946 | 2898 | 2852 | 2805 | 2760 | 2714 | 2669 | 2625 | 2581 | 2538 | 2494 | 
2993 | 2945 | 2898 | 2851 | 2804 | 2759 | 2713 | 2669 | 2624 | 2580 | 2537 | 2494 
2992 | 2944 | 2897 | 2850 | 2804 | 2758 | 2713 | 2668 | 2623 | 2580 | 2536 | 2493 
2991 | 2943 | 2896 | 2849 | 2803 | 2757 | 2712 | 2667 | 2623 | 2579 | 2535 | 2492 
2990 | 2942 | 2895 | 2848 | 2802 | 2756 | 2711 | 2666 | 2622 | 2578 | 2535 | 2492 | 
2989 | 2942 | 2894 | 2848 | 2801 | 2756 | 2710 | 2666 | 2621 | 2577 | 2534 | 249] | 
2989 | 2941 | 2894 | 2847 | 2801 | 2755 | 2710 | 2665. | 2621 | 2577 | 2533 | 2490 
2988 | 2940 | 2893 | 2846 | 2800 | 2754 | 2709 | 2664 | 2620 | 2576 | 2532 | 2489 | 
2987 | 2939 | 2892 | 2845 | 2799 | 2753 | 2708 | 2663 | 2619 | 2575 | 2532 | 2489 | 


2986 | 2939 | 2891 | 2845 | 2798 | 2753 | 2707 | 2663 | 2618 | 2574 | 2531 | 2488 

2985 | 2938 | 2890 | 2844 | 2798 | 2752 | 2707 | 2662 | 2618 | 2574 | 2530 | 2487 | 
2985 | 2937 | 2890 | 2843 | 2797 | 2751 | 2706 | 2661 | 2617 | 2573 | 2530 | 2487 | 
2984 | 2936 | 2889 | 2842 | 2796 | 2750 | 2705 | 2660 | 2616 | 2572 | 2529 | 2486 | 
2983 | 2935 | 2888 | 2841 | 2795 | 2750 | 2704 | 2660 | 2615 | 2572 | 2528 | 2485. 

2982 | 2935 | 2887 | 2841 | 2795 | 2749 | 2704 | 2659 | 2615 | 2571 | 2527 | 2484 

2981 | 2934 | 2887 | 2840 | 2794 | 2748 | 2703 | 2658 | 2614 | 2570 | 2527 | 2484 } 
2981 | 2933 | 2886 | 2839 | 2793 | 2747 | 2702 | 2657 | 2613 | 2569 | 2526 | 2483 | 
2980 | 2932 | 2885 | 2838 | 2792 | 2747 | 2701 | 2657 | 2612 | 2569 | 2525 | 2482 | 
2979 | 2931 | 2884 | 2838 | 2792 | 2746 | 2701 | 2656 | 2612 | 2568 | 2525 | 2482 | 


2978 | 2931 | 2883 | 2837 | 2791 | 2745 | 2700 | 2655 | 2611 | 2567 | 2524 | 2481) 
2977 | 2930 | 2883 | 2836 | 2790 | 2744 | 2699 | 2654 | 2610 | 2566 | 2523 | 2480 
2977 | 2929 | 2882 | 2835 | 2789 | 2744 | 2698 | 2654 | 2610 | 2566 | 2522 | 2480 
2976 | 2928 | 2881 | 2835 | 2788 | 2743 | 2698 | 2653 | 2609 | 2565 | 2522 | 2479 | 
2975 | 2927 | 2880 | 2834 | 2788 | 2742 | 2697 | 2652 | 2608 | 2564 | 2521 | 2478 | 
2974 | 2927 | 2880 | 2833 | 2787 | 2741 | 2696 | 2652 | 2607 | 2564 | 2520 | 2477" 
2973 | 2926 | 2879 | 2832 | 2786 | 2741 | 2695 | 2651 | 2607 | 2563 | 2520 | 2477 
2973 | 2925 | 2878 | 2831 | 2785 | 2740 | 2695 | 2650 | 2606 | 2562 | 2519 | 2476 
2972 | 2924 | 2877 | 2831 | 2785 | 2739 | 2694 | 2649 | 2605 | 2561 | 2518 | 2475 
2971 | 2923 | 2876 | 2830.| 2784 | 2738 | 2693 | 2649 | 2604 | 2561 | 2517 | 2474 


2970. | 2923 | 2876 | 2829 | 2783 | 2738 | 2692 | 2648 | 2604 | 2560 | 2517 | 2474 
2969 | 2922 | 2875 | 2828 | 2782 | 2737 | 2692 | 2647 | 2603 | 2559 | 2516 | 2473 
2969 | 2921 | 2874 | 2828 | 2782 | 2736 | 2691 | 2646 | 2602 | 2558 | 2515 | 2472 
2968 | 2920 | 2873 | 2827 | 2781 | 2735 | 2690 | 2646 | 2601 | 2558 | 2514 | 2472 
2967 | 2920 | 2873 | 2826 | 2780 | 2735 | 2689 | 2645 | 2601 | 2557 | 2514 | 2471 
2966 | 2919 | 2872 | 2825 | 2779 | 2734 | 2689 | 2644 | 2600 | 2556 | 2513 | 2470 
2965 | 2918 | 2871 | 2824 | 2778 | 2733 | 2688 ; 2643 | 2599 | 2556 | 2512 | 2470:} 
2965 | 2917 | 2870 | 2824 | 2778 | 2732 | 2687 | 2643 | 2599 | 2555 | 2512 | 2469 
2964 | 2916 | 2869 | 2823 | 2777 | 2731 | 2686 | 2642 | 2598 | 2554 | 2511 | 2468 
2963 | 2916.| 2869 | 2822 | 2776 | 2731 | 2686 | 2641 | 2597 | 2553 | 2510.| 2467 } 


SS ee ee eee 
eS ee ee 


Se 


es 


is Ot. 
1°49/ 


2467 
2466 
2465 
2465 
2464 


2463 
2462 
2462 
2461 
2460 


2460 
2459 
2458 
2457 
2457 
2456 
2455 
2455 
2454 
2453 


2453 
2452 
2451 
2450 
2450 


h. m. 


1°43’ 


2424 
2424 
2423 
2422 
2421 


2421 | 


2420 
2419 
2419 


2418 


h. m. 


1°44/ 


TABLE XXIX. 
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h. 
1°45/ 


m.{h. m. 


1°46/ 


| 


h. m. 


1°47/ 


h. m.'h. m. 


1°48/|1°49/ 


2178 
2178 
2177 
2176 
2176 
2175 
2174 
2174 
2173 
2172 


2218 
2218 
2217 
2216 
2216 
2215 
2214 
2214 
2213 
2212 


h. m. 
1°50/ 


2139 
2138 
2137 
2137 
2136 
2135 
2135 
2134 
2133 
2133 


h. m. 


1°51! 


2099 
2099 
2098 
2098 
2097 
2096 
2096 
2095 
2094 
2094 


h. m. 


1959/ 


2061 
2060 
2059 
2059 
2058 
2057 
2057 
2056 
2055 
2055 
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h. m. 


Las 


2022 
202] 
2021 
2020 
2019 
2019 
2018 
2017 
2017 
2016 


ee ee ee eS ed ee Pe 


2417 
2417 
2416 
2415 
2414 
2414 
2413 
2412 
2412 
2411 


2410 
2410 
2409 
2408 
2408 


2172 
2171 
2170 
2170 
2169 
2169 
2168 
2167 
2167 
2166 


2212 
2211 
2210 
2210 
2209 
2208 
2208 
2207 
2206 
2206 


2165 
2165 
2164 
2163 
2163 
2162 


2205 
2204 
2204 
2203 
2202 


2132 
2132 
2131 
2130 
2130 
2129 
2128 
2128 
2127 
2126 


2126 
2125 
2124 
2124 
| 2123 
2122 
2122 
2121 
2120 
2120 


2119 

2118 
2118 
2117 
2116 
2116 
2115 
2114 
2114 
2113 


2093 
2092 
2092 
2091 
2090 
2090 
2089 
2088 
2088 
2087 


2086 
2086 
2085 
2084 
2084 
2083 
2083 
2082 
2081 
2081 


2079 
2079 
2078 
2077 
2077 
2076 
2075 
2075 
2074 


2054 
2053 
2053 
2052 
2051 
2051 
2050 
2050 
2049 
2048 


2048 
2047 
2046 
2046 
2045 
2044 
2044 
2043 
2042 
2042 


2080 | 2041 


2041 
2040 
2039 
2039 
2038 
2037 
2037 
2036 
2035 


2016 
2015 
2014 
2014 
2013 
2012 
2012 
2011 
2010 
2010 


2009 
2009 
2008 
2007 
2007 
2006 
2005 
2005 
2004 
2003 


2003 
2002 
2001 
2001 
2000 
2000 
1999 
1998 
1998 
1997 


——— —_=. | —__—_ | ————_—_.. ms | |, ee) Soa 
a ae 
ee eS eee 


2151 
2151 
2150 
2149 
2149 
2148 
2147 
2147 
2146 


2113 
2112 
2111 
2111 
2110 
2109 
2109 
2108 
2107 
2107 


2073 
2073 
2072 
2071 
2071 
2070 
2070 
2069 
2068 
2068 


2035 
2034 
2033 
2033 
2032 
2032 
2031 
2030 
2030 
2029 


1996 
1996 
1995 
1994 
1994 
1993 
1993 
1992 
1991 
1991 


| | |S | | | OF 
Le ee ey 


2145 
2145 
2144 
2143 
2143 
2142 
2141 
2141 
2140 
2139 


2106 
2105 
2105 
2104 
2103 
2103 
2102 
2101 
2101 
2100 


2067 
2066 
2066 
2065 
2064 
2064 
2063 
2062 
2062 


2061 | 2023 


2028 
2028 
2027 
2026 
2026 
2025 
2024 
2024 
2023 


1990 
1989 
1989 
1988 
1987 
1987 
1986 | 
1986 
1985 | 
198s | 
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h. m. 
1°57/ 


h. m. 
oP al 


h. m.|/h. m. 


1°58/|1°59/ 


S. Re m.jh. m.|h. m. h. m.!h. m.|h. m.jh. m, 


M 11°54"|1°55/11°6/ 2° 0/|2° '1/19° ‘gree " at 


1984 | 1946 | 1908 | 1871 | 1834 | 1797 1761 | 1725 | 1689 | 1654 | 1619 
1983 | 1945 | 1907 | 1870 | 1833 | 1797 | 1760 | 1724 | 1688 | 1653 | 1618 
1982 | 1944 | 1907 | 1870 | 1833 | 1796 | 1760 | 1724 | 1688 | 1652 | 1617 
1982 | 1944 | 1906 | 1869 | 1832 | 1795 | 1759 | 1723 | 1687 | 1652 | 1617 
1981 | 1943 | 1906 | 1868 | 1831 | 1795 | 1758 | 1722 | 1687 | 1651 | 1616 
1980 | 1943 | 1905 | 1868 | 1831 | 1794 | 1758 | 1722 | 1686 | 1651 | 1616 
1980 | 1942 | 1904 | 1867 | 1830 | 1794 | 1757 | 1721 | 1686 | 1650 | 1615 
1979 | 1941 | 1904 | 1867 | 1830 | 1793 | 1757 | 1721 | 1685 | 1650 | 1614 
1979 | 1941 | 1903 | 1866 | 1829 | 1792 | 1756 | 1720 | 1684 | 1649 | 1614 
1978 | 1940 | 1903 | 1865 | 1828 | 1792 | 1755 | 1719 | 1684 | 1648 | 1613 


RU ESERner oa) [nS Oe ee ey (eae ee 
pels) eee > 


10 | 1977 | 1939 | 1902 | 1865 | 1828 | 1791 | 1755 | 1719 | 1683 | 1648 | 1613 
11 {1977 | 1939 | 1901 | 1864 | 1827 | 1791 | 1754 | 1718 | 1683 | 1647 | 1612 
12 | 1976 | 1938 | 1901 | 1863 | 1827 | 1790 | 1754 | 1718 | 1682 | 1647 | 1612 
13 | 1975 | 1938 | 1900 | 1863 | 1826 | 1789 | 1753 | 1717 | 1681 | 1646 | 1611 
14 | 1975 | 1937 | 1899 | 1862 | 1825 | 1789 | 1752 | 1716 | 1681 | 1645 | 1610 
15. | 1974 | 1936 | 1899 | 1862 | 1625 | 1788 | 1752 | 1716 | 1680 | 1645 | 1610 
16 11973 | 1936 | 1898 | 1861 | 1824 | 1787 | 1751 | 1715 | 1680 | 1644 | 1609 
17 |. 1973 | 1935 | 1898 | 1860 | 1823 | 1787 | 1751 | 1715 | 1679 | 1644 | 1609 


WOMNDOR WN — OC 


—<—<—_ | —______ } —_— 
—_—— | —_———_———. | ———_____ | ——___- | OS | | 


31 | 1964 | 1926 | 1889 | 1852 | 1815 | 1778 | 1742 | 1706 | 1671 | 1635 | 1600 
32 | 1963 | 1926 | 1888 | 1851 | 1814 | 1778 | 1742 | 1706 | 1670 | 1635 | 1600 
33 | 1963 | 1925 | 1888 | 1850 | 1814 | 1777 | 1741 | 1705 | 1670 | 1634 | 1599 
34 | 1962 | 1924 | 1887 | 1850} 1813 | 1777 | 1740 | 1705 | 1669 | 1634 | 1599 


44 11956 | 1918 | 1881 | 1844 | 1807 | 1771 | 1734 | 1699 | 1663 | 1628 | 1593 
45 | 1955 | 1918 | 1880 | 1843 | 1806 | 1770 | 1734 | 1698 | 1663 | 1627 | 1592 
46 | 1955 | 1917 | 1879 | 1842 | 1806 | 1769 | 1733 | 1697 | 1662 | 1627 | 1592 
47 11954 | 1916 | 1879 | 1842 | 1805 | 1769 | 1733 | 1697 | 1661 | 1626 | 1591 
48 11953 | 1916 | 1878 | 1841 | 1805 | 1768 | 1732 | 1696 | 1661 | 1626 | 159] 
49 | 1953 | 1915 | 1878 | 1841 | 1804 | 1768 | 1731 | 1696 | 1660 | 1625 | 1590 


— JF | | | | [J ff 


50 | 1952 | 1914 | 1877 | 1840 | 1803 | 1767 | 1731 | 1695 | 1660 | 1624 | 1589 
51 | 1951 | 1914 | 1876 | 1839 | 1803 | 1766 | 1730 | 1694 | 1659 | 1624 | 1589 
52 11951 | 1913 | 1876 | 1839 | 1802 | 1766 | 1730 | 1694 | 1658 | 1623 | 1588 
53 11950 | 1912 | 1875 | 1838 | 1801 | 1765 | 1729 | 1693 | 1658 | 1623 | 1588 
54 11950 | 1912 | 1875 | 1838 | 1801 | 1765 | 1728 | 1693 | 1657 | 1622 | 1587 
55 11949 | 1911 | 1874 | 1837 | 1800 | 1764 | 1728 | 1692 | 1657 | 1621 | 1586 
56 11948 | 1911 | 1873 | 1836 | 1800 | 1763 | 1727 | 1691 | 1656 | 1621 | 1586 
57 | 1948 | 1910 | 1873 | 1836 | 1799 | 1763 | 1727 | 1691 | 1656 | 1620 | 1585 
58 | 1947 | 1909 | 1872 | 1835 | 1798 7 ae ae 1655 | 1620 | 1585 


59 | 1946 | 1909 | 1871 | 1834 | 1798 | 1761 | 1725 | 1690 | 1654 | 1619 | 1584 


TABLE XXIX. 209. 


Proportional Logarithms, 


h. m.Jh. m.jh. m./h. m. h. m.jJh. m./h. m.Jh.° m.{h. m.|h. m. 
Q°’14 


sete oe G20" 77/2°-'S! 2°10//2°11//2°12"|2°13/ 2°15? 


1584 | 1549 | 1515 1481 | 1447 ; 1413 | 1380 | 1347 1314 | 1282 | 1249 
1583 | 1548 | 1514 | 1480 | 1446 | 1413 | 1379 | 1346 | 1314 | 1281 | 1249 
1582 | 1548 | 1514 | 1479 | 1446 | 1412 | 1379 | 1346 | 1313 | 1281 | 1248 
1582 | 1547 | 1513 | 1479 | 1445 | 1412 | 1378 | 1345 | 1313 | 1280 | 1248 
1581] | 1547 | 1512 | 1478 | 1445 | 1411 | 1378 | 1345 | 1312 | 1279 | 1247 
1581 | 1546 | 1512 | 1478 | 1444 | 1410} 1377 | 1344 | 1311 | 1279 | 1247 
1580 | 1546 | 1511 | 1477 | 1443 | 1410 | 1377 | 1344 | 1311 | 1278 | 1246 
1580 | 1545 | 1511 | 1477 | 1443 | 1409 | 1376 | 1343 | 1310 | 1278 | 1246 
1579 | 1544 | 1510 | 1476 | 1442 | 1409 | 1376 | 1343 ; 1310 } 1277 | 1245 
1578 | 1544 | 1510 | 1476 | 1442 | 1408 | 1375 | 1342 | 1309 | 1277 | 1245 


1578 | 1543 | 1509 | 1475 | 1441 | 1408 | 1374 | 1341 | 1309 | 1276 | 1244 
1577 | 1543 | 1508 | 1474 | 1441 | 1407 | 1374 | 1341 | 1308 | 1276 | 1243 
1577 | 1542 | 1508 | 1474 | 1440 | 1407 | 1373 | 1340 | 1308 | 1275 | 1243 
1576 | 1542 | 1507 | 1473 | 1440 | 1406 | 1373 | 1340 | 1307 | 1275 | 1242 
1575 | 1541} 1507 | 1473 | 1439 | 1405 | 1372 | 1339 | 1307 | 1274 | 1242 
1575 | 1540 | 1506 | 1472 | 1438 | 1405 | 1372 | 1339 | 1306 | 1274 | 1241 
1574 | 1540 | 1506 | 1472 | 1438 | 1404 | 1371 | 1338 | 1305 | 1273 | 1241 
1574 | 1539 | 1505 | 1471 | 1437 | 1404 | 1371 | 1338 | 1305 | 1272 | 1240 
1573 | 1539 | 1504 | 1470 | 1437 | 1403 | 1370 | 1337 | 1304 | 1272 | 1240 
1573 | 1538 | 1504 | 1470 | 1436 | 1403 | 1369 | 1337 | 1304 | 1271 | 1239 


a | | | 


1572 | 1538 | 1503 | 1469 | 1436 | 1402 | 1369 | 1336 | 1303 | 1271 | 1239 
1571 | 1537 | 1503 | 1469 | 1435 | 1402 | 1368 | 1335 | 1305 | 1270 | 1238 
1571 | 1536 | 1502 | 1468 | 1434 | 1401 | 1368 | 1335 | 1302 | 1270 | 1238 
1570 | 1536 | 1502 | 1468 | 1434 | 1400 | 1367 | 1334 | 1302 | 1269 | 1237 
1570 | 1535 | 1501 | 1467 | 1433 | 1400 | 1367 | 1334 | 1301 | 1269 | 1237 
1569 | 1535 } 1500 | 1466 | 1433 | 1399 | 1366 | 1333 | 1301 | 1268 | 1236 
1569 | 1534 | 1500 | 1466 | 1432 | 1399 | 1366 | 1333 | 1300 | 1268 | 1235 
1568 | 1534 | 1499 | 1465 | 1432 | 1398 | 1365 | 1332 | 1300 | 1267 | 1235 
1567 | 1533 | 1499 | 1465 | 1431 | 1398 | 1365 | 1332 | 1299 | 1267 | 1234 
1567 | 1532 | 1498 | 1464 | 1431 | 1397 | 1364 | 1331 | 1298 | 1266 | 1234 

1566 | 1532 | 1498 | 1464 | 1430 | 1397 | 1363 | 1331 | 1298 | 1266 | 1233 
1566 | 1531 | 1497 | 1463 | 1429 | 1396 | 1363 | 1330 | 1297 | 1265 | 1233 
1565 | 1531 | 1496 | 1463 | 1429 | 1395 | 1362 | 1329 | 1297 | 1264 | 1232 
1565 | 1530 | 1496 | 1462 | 1428 | 1395 | 1362 | 1329 | 1296 | 1264 | 1232 
1564 | 1529 | 1495 | 1461 | 1428 | 1394 | 1361 | 1328 | 1296 | 1263 | 1231 
1563 | 1529 | 1495 | 1461 | 1427 | 1394 | 1361 | 1328 | 1295 | 1263 | 1231 
1563 | 1528 | 1494 | 1460 | 1427 | 1393 | 1360 | 1327 | 1295 | 1262 | 1230 
1562 | 1528 | 1494 | 1460 | 1426 | 1393 | 1360 | 1327 | 1294 | 1262 | 1230 
1562 | 1527 | 1493 | 1459 | 1426 | 1392 | 1359 | 1326 | 1294 | 1261 | 1229 
1561 | 1527 | 1493 | 1459 | 1425 | 1392 | 1359 | 1326 | 1293 | 1261 | 1229 


1560 | 1526 | 1492 | 1458 | 1424 | 1391 | 1358 | 1325 | 1292 | 1260 | 1228 
1560 | 1525 | 1491 | 1457 | 1424 | 1390 | 1357 | 1325 | 1292 | 1260 | 1227 
1559 | 1525 | 1491 | 1457 | 1423 | 1390 | 1357 | 1324 | 1291 | 1259 | 1227 
1559 | 1524 | 1490 | 1456 | 1423 | 1389 | 1356 | 1323 | 1291 | 1258 | 1226 
1558 | 1524 | 1490 | 1456 | 1422 | 1389 | 1356 | 1323 | 1290 | 1258 | 1226 
1558 | 1523 | 1489 | 1455 | 1422 | 1388 | 1355 | 1322 | 1290 | 1257 | 1225 
1557 | 1523 | 1489 | 1455 | 1421 | 1388 | 1355 | 1322 | 1289 | 1257 | 1225 
1556 | 1522 | 1488 | 1454 | 1420 | 1387 | 1354 | 1321 | 1289 | 1256 | 1224 
1556 | 1522 | 1487 | 1454 | 1420 | 1387 | 1354 | 1321 | 1288 | 1256 | 1224 
1555 | 1521 | 1487 | 1453 | 1419 | 1386 | 1353 | 1320 | 1288 | 1255 | 1223 


| |S | | | 


1555 | 1520 | 1486 | 1452 | 1419 | 1386 | 1352 | 1320 | 1287 | 1255 | 1223 
1554 | 1520 | 1486 | 1452 | 1418 | 1385 | 1352 | 1319 | 1287 | 1254 | 1222 
1554 | 1519 | 1485 | 1451 | 1418 | 1384 | 1351 | 1319 | 1286 | 1254 | 1222 
1553 | 1518 | 1485 | 1451 | 1417 | 1384 | 1351 | 1318 | 1285 | 1253 | 1221 
1552 | 1518 | 1484 | 1450 | 1417 | 1383 | 1350 | 1317 | 1285 | 1253 | 1221 
1552 | 1518 | 1483 | 1450 | 1416 | 1383 | 1350 | 1317 | 1284 | 1252 | 1220 
1551 | 1517 | 1483 | 1449 | 1415 | 1382 | 1349 | 1316 | 1284 | 1251 | 1219 
1551 | 1516 | 1482 | 1449 | 1415 | 1382 | 1349 | 1316 | 1283 | 1251 | 1219 
1550 | 1516 | 1482 | 1448 | 1414 | 1381 | 1348 | 1315 | 1283 | 1250 | 1218 
1550 | 1515 | 1481 | 1447 | 1414 | 1381 | 1347 | 1315 | 1282 | 1250 | 1218 


hems 


Q° 9/ 


perc cree 


Propertional Logarithms, ; 


i a m./h. m.jh. m.[h. m./h. mifh. m.th. m.{h. m.jh. m.th. 
9°97/|9°a8'|2°29/|2°s0/|2°s1'|a°ga/a°s3'l9°s4/|a°35! 9°36! ga 
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h. m. 
7 2°38’ 


0566 
0566 
0565 
| 0565 
0564 
0564 
0563 
0563 
0562 
| 9562 


WONRATR WHR O 


———. | — |__| —————_. 
—— 


| 0562 
10561 
| 0561 
| 0560 
1 0560 
| 0559 
| 0559 
1 0558 
1 0558 
1 0557 


10557 


1 0557 
0556 
| 0556 
10555 
10555 
0554 
| 0554 
0553 
10553 


0552 


0552 
0551 
0551 
0551 
0550 
0550 
0549 
10549 
| 0548 


| 0548 


| 0547 
| 0547 
0546 
| 0546 
0546 
0545 
| 0545 
0544 
10544 


| 0543 


0543 
0542 
0542 
0541 
0541 
0541 
0540 
0540 
0539 


0525 


0521 


ca, 
2°39/ 


0539 
0538 
0538 
0537 
0537 
0536 
0536 
0536 
0535 
0535 


0534 
0534 
0533 
0533 
0532 
0532 
0531 
0531 
0531 
0530 


0529 
0529 
0528 
0528 
0527 
0527 
0526 
0526 
0526 


0525 
0524 
0524 
0523 
0523 
0522 
0522 
0521 
0521 


0520 


0520 
0519 
0519 
0518 
0518 
0517 
0517 
0516 


0516 
0516 
0515 
0515 
0514 
0514 
0513 
0513 
0512 
0512 


h. 
9°40/ 


0530 
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m.|h. m. 
Q°4 1" 


0484 
0484 
0484 
0483 
0483 
0482 
0482 
048] 
0481 
0480 


0480 
0479 
0479 
0479 
0478 
0478 
0477 
0477 
0476 
0476 


0475 


0475 
0475 
0474 
0474 
0473 
0473 
0472 
0472 
0471 


0471 


0471 
0470 
0470 
0469 
0469 
0468 
0468 
0467 
0467 


0449 


0444 


h. ‘m. 


2°49! 


0458 
0457 
0457 
0456 
0456 
0455 
0455 
0454 
0454 
0454 


0453 
0453 
0452 
0452 
0451 
0451 
0450 
0450 
0450 
0449 


0448 
0448 
0447 
0447 
0446 
0446 
0446 
0445 
0445 


0426 


0422 


0444 
0443 
0443 
0442 
0442 
0442 
044] 
044] 
0440 


0418 


h. m. 


2°43' 


0431 
0430 
0430 
0430 
0429 
0429 
0428 
0428 
0427 
0427 


0426 
0426 
0425 
0425 
0424 
0424 
0423 
0423 
0422 


0422 
0421 
0421 
0420 
0420 
0419 
0419 
0418 
0418 


0417 
0417 
0416 
0416 
0415 
0415 
0414 
0414 
0414 


h. 


9°44/|0°45/ 


0404 
0404 
0403 
0403 
0402 
0402 
0402 
0401 
0401 
0400 


0400 


0399 
0399 
0399 
0398 
0398 
0397 
0397 
0396 
0396 


0395 


0395 
0395 
0394 
0394 
0393 
0393 
0392 
0392 
0391 


0391 


0391 
0390 
0390 
0389 
0389 
0388 
0388 
0388 
0387 


m.!h. 


0378 
0377 
0377 
0377 
0376 
0376 
0375 


0375 
0374 
0374 


0373 


0373 
0373 
0372 
0372 
0371 
0371 
0370 
0370 
0370 


0369 


0369 
0368 
0368 
0367 
0367 
0366 
0366 
0366 
0365 


0365. 


0364 
0364 
0363 
0363 
0363 
0362 
0362 
0361 
0361 


0343 | 0317 


h. 
9°47 


0326 
0325 
0325 
0324 
0324 
0323 
0323 
0322 
0322 


m.|/h. m. 
Q°46/ 


0352 
0351 
0351 
0350 
0350 
0349 
0349 
0349 
0348 
0348 


0347 | 0321 


0347 | 0321 
0346 | 0320 
0346 | 0320 
0346.| 0319 
0345 | 0319 
0345 | 0319 
0344 | 0318 
0344 | 0318 


0343 | 0317 


0342 | 0316 
0342 | 0316 
0342 | 0316 
0341 | 0315 
0341 | 0315 


0339 


0340 
0340 
0339 
0339 


0338 
0338 
0337 
0337 
0336 
0336 
0336 
0335 
0335 


0314 
0314 
0313 
0313 


0313 


0312 
0312 
0311 
031] 
0310 
0310 
0310 
0309 
0309 


248) 


0300 
0299 
0299 
0298 
0298 
0297 
0297 
0297 
0296 


0322 | 0296 
0295 


0295 
0294 
0294 
0294 
0293 
0293 
0292 
0292 
0291 


0291. 


0291 
0290 
0290 
0289 
0289 
0288 
0288 
0288 
0287 


0287 


0286 
0286 
0285 
0285 
0285 
0284 
0284 
0283 
0283 


—_——. | ——$ | | | | | | 


0466 
0466 
0466 
0465 
0465 
0464 
0464 
0463 


0440 
0439 
0439 
0438 
0438 


0413 
0413 
0412 
0412 
0411 


0387 
0386 
0386 
0385 
0385 


0360 
0360 
0359 
0359 
0359 
0358 
0358 
0357 
0357 
0356 


0356 


0356 
0355 
0355 
0354 
0354 
0353 
0353 
0352 
0352 


0334 
0334 
0333 
0333 
0332 
0332 
0332 
0331 
0331 
0330 


0330. 
0329 
0329 
0329 
0328 
0328 
032” 
0327 
0326 
0326 


0308 
0308 
0307 
0307 
0306 
0306 
0306 
0305 
0305 
0304 


0304 
0304 
0303 
0303 
0302 
0302 
0301 
0301 
0300 
0300 


0282 
0282 
0282 
0281 
0281 
0280 
0280 
0279 
0279 
0279 


0278 
0278 
0277 
0277 
0276 
0276 
0276 
0275 
0275 
0274 


Fe eat 
; 


LAP wake estar aa as ATS ec 3 eR SREY 
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Proportional Logarithms. 


erst Sa aT ARRAY OVA SH ESTEE NEY SESSeY EE 
RESIST ESAS AEE ES GE war ET : 


213 | 


h. m. 


2°59’ 


h. m. 


2°58" 


Tiare 


PAY i 


one 


2°56! 


h. m. 


2255! 


h. m. 


2°54’ 


h. m.{h. m.jh. m. 


512" 5 212537 


SSS 


s. |h. m.Jh. m. 
“ 2°49’ 2°50/ 


COONAORWDY He S 


—— | —/ ce ~ —. |_| ___ 
SSS ES eee 
ee Se 


——— | —————— | | ——_——l ccm) ———)| —_ =e 
——_ | ———_____.. | —__ _ 


0274 
0273 
0273 
0273 
0272 
0272 
0271 
0271 
0270 


| 0270 


a —_—— Oe | ~~ | 
——$<___} ____ 
—_——_ 
—, | ——<—_$___. | —____. 


0270 
0269 
0269 
0268 
0268 
0267 
0267 
0267 
0266 
0266 


0265 
0265 
0264 
0264 
0264 
0263 
0263 
0262 
0262 
0261 
0261 
0261 
0260 
0260 
0259 
0259 
0258 
0258 
0258 
0257 


0257 


0256 
0256 
0255 
0255 
0255 
0254 
0254 
0253 
0253 


0248 
0248 
0247 
0247 
0246 
0246 
0246 
0245 
0245 
0244 


0244 
0244 
0243 
0243 
0242 
0242 
0241 
0241 
0241 
0240 
0240 
0239 
0239 
0238 
0238 
0238 
0237 
0237 
0236 
0236 


0235 
0235 
0235 
0234 
0234 
0233 
0233 
0232 
0232 
0232 
0231 
0231 
0230 
0230 
0230 
0229 
0229 
0228 
0228 
0227 


0223 
0222 
0222 
0221 
0221 
0221 
0220 
0220 
0219 
0219 


0218 
0218 
0218 
0217 
0217 
0216 
0216 
0216 
0215 
0215 
0214 
0214 
0213 
0213 
0213 
0212 
0212 
0211 
0211 
0210 


0210 
0210 
0209 
0209 
0208 
0208 
0208 
0207 
0207 
0206 


0197 
0197 
0197 
0196 
0196 
0195 
0195 
0194 
0194 
0194 


0193 
0193 
0192 
0192 
0192 
0191 
0191 
0190 
0190 
0189 


0189 
0189 
0188 
0188 
0187 
0187 
0186 
0186 
0186 
0185 


0185 
0184 
0184 
0184 
0183 
0183 
0182 
0182 
0181 
0181 


0172 
0172 
0171 
0171 
0171 
0170 
0170 
0169 
0169 
0169 


0168 
0168 
0167 
0167 
0166 
0166 
0166 
0165 
0165 
0164 


0164 
0163 
0163 
0163 
0162 
0162 
0161 
0161 
0161 
0160 


0160 
0159 
0159 
0158 
0158 
0158 
0157 
0157 
0156 
0156 


0147 
0147 
0146 
0146 
0146 
0145 
0145 
0144 
0144 
0143 


0143 
0143 
0142 
0142 
0141 
0141 
0141 
0140 
0140 
0139 


0139 
0139 
0138 
0138 
0137 
0137 
0136 
0136 
0136 
0135 
0135 
0134 
0134 
0134 
0133 
0133 
0132 
0132 
0131 
0131 


0122 
0122 
0121 
0121 
0121 
0120 
0120 
0119 
0119 
0119 


0118 
0118 
0117 
0117 
0117 
0116 
0116 
0115 
0115 
0114 


0114 
0114 
0113 
0113 
0112 
0112 
0112 
0111 
0111 
0110 


0110 
0110 
0109 
0109 
0108 
0108 
0107 
0107 
0107 
0106 


0098 
0097 
0097 
0096 
0096 
0096 
0095 
0095 
0094 
0094 


0093 
0093 
0093 
0092 
0092 
0091 
0091 
0091 
0090 
0090 


0089 
0089 
0089 
0088 
0088 
0087 
0087 
0087 
0086 
0086 


0085 
0085 
0084 
0084 
0084 
0083 
0083 
0082 
0082 
0082 


0073 
0073 
0072 
0072 
0071 
0071 
0071 
0070 
0070 
0069 


0069 
0068 
0068 
0068 
0067 
0067 
0066 
0066 
0066 
0065 


0065 
0064 
0064 
0064 
0063 
0063 
0062 
0062 
0062 
0061 
0061 
0060 
0060 
0060 
0059 
0059 
0058 
0058 
0057 
0057 


0049 
0048 
0048 
0047 
0047 
0046 
0046 
0046 
0045 
0045 


0024 
0024 
0023 
0023 
0023 
0022 
0022 
0021 
0021 
0021 


0044 
0044 
0044 
0043 
0043 
0042 
0042 
0042 
0041 
0041 


0020 
0020 
0019 
0019 
0018 
0018 
0018 
0017 
0017 
0016 


0016 
0016 
0015 
0015 
0015 
0014 
0014 
0013 
0013 
0012 


0040 
0040 
0040 
0039 
0039 
0038 
0038 
0038 
0037 
0037 


0036 
0036 
0035 
0035 
0035 
0034 
0034 
0033 
9033 
0033 


0012 
0012 
0011 
0011 
0010 
0019 
0010 
0009 
0009 
0008 


-—— | <<< |_ | | ———__—_ 


0206 
0205 
0205 
0205 
0204 
0204 
0203 
0203 
0202 
0202 


0181 
0180 
0180 
0179 
0179 
0179 
0178 
0178 
0177 
0177 


0156 
0155 
0155 
0154 
0154 
0153 
0153 
0153 
0152 
0152 


0131 
0130 
0130 
0129 
0129 
0129 
0128 
0128 
0127 
0127 


0106 
0105 
0105 
0105 
0104 
0104 
0103 
0103 
0103 
0102 


0081 
0081 
0080 
0080 
0080 
0079 
0079 
0078 
0078 
0077 


0057 
0056 
0056 
0055 
0055 
0055 
0054 
0054 
0053 
0053 


0032 
0032 
0031 
0031 
0031 
0030 
0030 
0029 
0029 
0029 


0008 
0008 
0007 
0007 
0006 
0006 
0006 
0005 
0005 
0004 


—_, | -—$<$——$ | — | ——_____—— 


0252 
0252 
0252 
0251 
0251 
0250 
0250 
0250 
0249 
0249 


0227 
0227 
0226 
0226 
0225 
0225 
0224 
0224 
0224 
0223 


0202 
0201 
0201 
0200 
0200 
0200 
0199 
0199 
0198 
0198 


0176 
0176 
0176 
0175 


0175. 


0174 
0174 
0174 
0173 
0173 


0151 
0151 
0151 
0150 
0150 


0126 
0126 
0126 
0125 
0125 


0102 
0101 
0101 
0100 
0100 
0100 


0077 
0077 
0076 
0076 
0075 


0053 
0052 
0052 
0051 
0051 


0028 
0028 
0027 
0027 
0027 


0004 
0004 
0003 
0003 
0002 
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TABLE. XXX. 


Logarithms for computing the proportional Parts of the Change of the Right Ascension, Declination, &c. 
of the Sun or Moon for any given Instant of Greenwich Time. 


hi) bs 
5 | 6 


woraunusne | F 


ees oS: ees ee ey een ees ee ey ee es Sy eS ee (eee sss 


oie hh 

Sas: 

13802]10792 
13730110756 
13660]10720 
26812|13590|10685 
25563) 13522|10649 
24594113455)10615 
23802113388] 10580 
23133|13323|10546 
22553113259|10512 
22041113195]10478 


31584 
28573 


21584/13133]10444 
21170|13071}10411 
20792|13010}10378 
20444'12950]10345 
20122/12891]10313 
19823] 12883] 10280 
19542/12776}10248 
19279)12719|10216 
19031}12663}10185 
18796|12607|10154 


18573/12553}10121 
18361/12499|10091 
18159|12446/10061 
17966|12393}10030 
17781/12341)10000 
17604|12289} 9970 
17434|12239) 9940 
17270|12188) 9911 
17112)12139| 9881 
16960|12090) 9852 


h. 
3 


9031 
9007 
8983 
8959 
8936 
8912 
88389 
8865 
8842 
8819 


8796 
8773 
8751 
8728 
8706 
8683 
8661 
8639 
8617 
8595 


8573 
8552 
8530 
8509 
8487 
8466 
8445 
8424 
8403 
8382 


h. 
4 
7782 
7764 
7746 
7728 
7710 
7692 
7674 
7657 
7639 
7622 
7604 
7587 
7570 
7552 
7535 
7518 
7501 
7484 
7468 
7451 
7434 
7417 
7401 
7384 
7368 
7351 
7335 
7319 
7302 
7286 


6812 
6798 
6784 
6769 
6755 
6741 
6726 
6712 
6698 
6684 
6670 
6656 
6642 
6628 
6614 
6600 
6587 
6573 
6559 
6546 
6532 
6519 
6505 
6492 
6478 
6465 
6452 
6438 
6425 
6412 


6021 
6009 
5997 
5985 
5973 
5961 
5949 
9937 
5925 
5913 


5902 
5890 
5878 
5867 
5855 
9843 
5832 
5620 
5809 
5797 


5786 
5774 
5763 
5752 
5740 
5729 
5718 
5707 
5695 
5684 


h. 
i 


5351 
5341 
5331 
9320 
5310 
5300 
5290 
9279 
5269 
5259 
5249 
5239 
5229 
9219 
5209 
5199 
5189 
5179 
5169 
5159 
5149 
5139 
3129 
5119 
5110 
5100 
5090 
5081 
5071 
5061 


ho |. ee eT 
8 | 9 | 10} 11 


4771 
4762 
4753 
4744 
4735 
4726 
4717 
4708 
4700 
4691 
4682 
4673 
4664 
4655 
4646 
4638 
4629 
4620 
4611 
4603 


4594 
4585 
4577 
4568 
4559 
4551 
4542 
4534 
4525 
4517 


4260 
4252 
4244 
4236 
4228 
4220 
4212 
4204 
4196 
4188 
4180 
4172 
4164 
4156 
4149 
414] 
4133 
4125 
4117 
4110 


4102 
4094 
4086 
4079 
4071 
4063 
4056 
4048 
4040 
4033 


3802 
3795 
3788 
3781 
3773 
3766 
3759 
3752 
3745 
3738 


3730 
3723 
3716 
3709 
3702 
3695 
3688 
3681 
3674 
3667 


pee pe ee eee Pree reres eee ne ey ee ey ES ee ee ee eee 


3660 
3653 
3646 
3639 
3632 
3625 
3618 
3611 
3604 
3597 


ing ee ef ee J ef | ef | 


15563 


—_— | | 


16812/12041 
16670}11993 
16532|11946 
16398)11899 
1626911852 
16143/11806 
16021}11761 
15902/11716 
15786|11671 
15673|11627 


9823 
9794 
9765 
9737 
9709 
9680 
9653 
9625 
9597 
9570 


9543 
9516 
9489 
9462 
9435 
9409 
9383 
9357 
9331 
9305 


11584 
15456|11540 
15351/11498 
15249)11455 
15149/11413 
15051/11372 
14956|11331 
14863}11290 
14771}11249 
14682|11209 


14594}11170 
14508) 11130 
14424)11092 
14341/11053 
14260/11015 
14180|10977 
14102)10939 
14025|10902 
13949] i0865 
13875} 10828 


9254 
9228 
9203 
9178 
9153 
9129 
9104 
9079 
9055 


8361 
834] 
8320 
8300 
8280 
8259 
8239 
8219 
8199 
8179 


8160 
8140 
8120 
8101 
8081 
8062 
8043 
8023 
8004 
7985 
7966 
7948 
7929 
7910 
7892 
7873 
7855 
7836 
7818 
7800 


7270 
7254 
7238 
7222 
7206 
7190 
7175 
7159 
7143 
7128 


7112 
7097 
7081 
7066 
7051 
7035 
7020 
7005 
6990 
6975 


6960 
6945 
6930 
6915 
6900 
6886 
6871 
6856 
6842 


6827 | 6033 


6399 
6385 
6372 
6359 
6346 
6333 
6320 
6307 
6295 
6282 


6269 
6256 
6244 
6231 
6218 
€206 
6193 
6180 
6168 
6155 


6143 
6131 
6118 
6106 
6094 
6082 
6069 
6057 
6045 


5673 
5662 
5651 
5640 
5629 
5618 
5607 
5596 
5584 
5573 


5963 
5552 
5541 
5531 
5520 
5509 
5498 
5488 
5477 
5467 


5456 
5445 
5435 
5424 
5414 
5403 
5393 
5382 
5372 
5362 


5052 
9042 
5032 
5023 
5013 
5004 
4994 
4985 
4975 
4966 
4956 
4947 
4937 
4928 
4919 
4909 
4900 
4891 
4881 
4872 
4863 
4854 
4844 
4835 
4826 
4817 
4808 
4799 
4789 
4780 


4508 
4499 
4490 
4483 
4474 
4466 
4457 
4449 
4440 
4432 


4424 
4416 
4407 
4399 
4390 
4382 
4374 
4366 
4357 
4349 


434] 
4333 
4325 
4317 
4308 
4300 
4292 
4284 
4276 
4268 


4025 
4017 
4010 
4002 
3995 
3987 
3979 
3972 
3965 
3957 


3949 
3942 
3934 
3927 
3919 
3912 
3905 
3897 
3890 
3883 


3875 
3868 
3860 
3853 
3846 
3839 
3831 
3824 
3817 
3810 


3590 
3583 
3577 
3570 
3563 
3556 
3549 
3542 
3535 
3529 


— ee | | | | | | | 


3522 
3515 
3508 
3502 
3495 
3488 
3481 
3475 
3468 | 
3461 


— ef | | | | | | | | 


3455 
3448 
344] 
3435 
3428 
3421 
3415 
3408 
3402 


TABLE XXX. | NB 


Logarithms for computing the proportional Parts of the Change of the Right Ascension, Declination, &c. 
of the Sun or Moon for any given Instant of Greenwich Time. 


Hef he Eh RAR ee ee i tt ee 
15) i617 b ag 19 | 20 | 21 | 29 | 28 

0 | 3010 | 2663 | 2341 | 2041 | 1761 | 1498] 1249} 1015] 792] 580] 3781 185 
3004 | 2657 | 2336 | 2036 | 1756 | 1493 | 124511011! 788] 577] 375] 182 
2998 | 2652 | 2331 | 2032 | 1752 | 1489 | 1241} 1007} 785) 573} 371! 179 
2992 | 2646 | 2325 | 2027 | 1747 | 1485 | 123711003} 781| 570] 368! 176 
2986 | 2641 | 2320 | 2022] 1743 | 1481] 1233' 999] 777| 566] 365| 172 
2980 | 2635 | 2315 | 2017 | 1739 | 1476 | 1229| 996] 774] 563] 362] 169 
2974 | 2629 | 2310 | 2012 | 1734 | 1472 | 1225] 9921 770] 559] 358] 166 
2968 | 2624 | 2305 | 2008 | 1730 | 1468 | 1221] 988] 767] 556] 355| 163 
2962 | 2619 | 2300 | 2003 | 1725 | 1464] 1217| 984} 763] 553] 3521} 160 

2957 | 2613 | 2295 | 1998] 1720 | 1460} 1214] 980} 759| 549| 3491 157 


SNe eS SS ee Oe ee ee ey ee 


10 | 2951 | 2608 | 2290 | 1993 | 1716 | 1455] 1209| 977] 756] 546] 345) 154 
11 | 2945 | 2602 | 2284 | 1989 | 1711 | 1451] 1205) 973] 752) 542] 342] 151 
12 | 2939 | 2596 | 2279 | 1984 | 1707 | 1447} 1201] 969] 749} 539] 339] 147 
13 | 2933 | 2591 | 2274 | 1979 | 1703 | 1443 | 1197 | 965] 745) 535] 335] 144 
14 | 2927 | 2586 | 2269 | 1974 | 1698 | 1439 | 1194] 962] 742) 532) 332] 141 
15 | 2921 | 2580 | 2264 | 1969 | 1694 | 1434/;1189} 958] 738) 529] 329} 138 
16 | 2915 | 2575 | 2259 | 1965 | 1689 | 1430}1186) 954] 734] 525] 326) 135 
17 | 2909 | 2569 | 2254 | 1960 | 1685 | 1426} 1182) 950] 731] 522) 322) 132 
18 | 2903 | 2864 | 2249 | 1955 | 1680 | 1422) 1178) 947] 727| 518] 319} 129 
19 | 2897 | 2558 | 2244 | 1951 | 1676 | 1418) 1174] 943) 724] 515] 316 if 


a ae 
m1 12 | 13 | 14 


COONAOr & b= 


90 | 2891 | 2553 | 2239 | 1946} 1671 | 1413} 1170] 939; 720] 512] 313). 123 
21 | 2886 | 2547 | 2234 | 1941 | 1667 | 1409] 1166} 935} 717} 508} 309; 119 
292 | 2880 | 2542 | 2229 | 1936 | 1663 | 1405 | 1162] 932] 713; £05) 306; 116 
23 | 2874 | 2537 | 2224 | 1931 | 1658} 1401/1158; 928] 709) 502} 303) 113 
24 | 2868 | 2531 | 2219 | 1927 |1654 |} 139711154] 924] 706] 498] 300; 110 
25 | 2862 | 2526 | 2214 | 1922} 1649 | 1393} 1150] 920] 702} 495| 297] 107 
26 | 2856 | 2520 | 2209 | 1918} 1645 | 1388 ;1146]) 917) 699] 491] 293) 104 
27 | 2851 | 2515 | 2204 | 1913 | 1641 | 1384]1142] 913] 695] 488) 290; 101 
28 | 2845 | 2510 | 2198 | 1908 | 1636 | 1380} 1138} 909} 692] 485] 287 98 
29 | 2839 | 2504 | 2193 | 1904 | 1632 | 1376] 1134] 906] 688] 481] 284 95 


— ee | | ——— J |] 


31 | 2827 | 2493 | 2184 | 1894 | 1623 | 1368)1127} 898} 681] 475| 277 89 
32 | 2822 | 2488 | 2179 | 1890 | 1619 | 13641123} 894] 678] 471] 274 85 
33 | 2816 | 2483 | 2174 | 1885 | 1614] 1359} 1119] 891] 676] 468] 271 82 
34 | 2810 | 2478 | 2169 | 1880 | 1610 | 1355]1115) 887] 671] 464} 268 79 
35 | 2804 | 2472 | 2164 | 1876] 1606} 1351]1111} 883] 667] 461] 264 76 
36 | 2798 | 2467 | 2159 | 1871 | 1601 | 1347] 1107} 880) 664] 458] 261 73) 
37 | 2793 | 2462 | 2154 | 1866 | 1597 | 13431103} 876] 660] 454; 258 70 
38 | 2787 | 2456 | 2149 | 1862 | 1592 | 1339 | 1099 | 872) 657] 452] 2551 67 
39 | 2781 | 2451 | 2144 | 1857 | 1588 | 133511095 | 869] 653] 448] 252): 64 


40 | 2776 | 2446 | 2139 | 1852 | 1584 | 1331] 1092) 865] 649} 444] 248]. 61 
41 | 2770 | 2440 | 2134 | 1847 | 1579 | 1327 | 1088] 861} 646] 441] 245 58 
42 | 2764 | 2435 | 2129 | 1844 | 1575 | 1822] 1084] 858] 642] 438] 242 55 
43 | 2758 | 2430 | 2124 | 1839 | 1571 | 1318} 1080} 854] 639] 434] 239 52 
44 |} 2753 | 2425 | 2119 | 1834) 156611314) 1076) 850] 635] 431] 236] 49 
45 | 2747 | 2419 | 2114 | 1829 | 1562 | 1310] 1072) 847] 632] 428) 232) 46 
46 | 2741 | 2414 | 2109 | 1824 | 1558 | 1306} 1068} 843] 629] 424} 229 43 
47 | 2736 | 2409 | 2104 | 1820 | 1553 | 1302 | 1064) 839] 625] 421] 226; 39. 
48 | 2730 | 2403 | 2100 | 1816 | 1549 | 1298 | 1061} 836] 622} 418] 223 36 
49 | 2724 | 2398 | 2095 | 1811 | 1545 | 1294] 1057} 832] 618] 414] 220 33 


| | | SS | | | |  — 


~50 | 2719 | 2393 | 2090 | 1806 | 1541 | 1290} 1053} 828) 615] 411] 217 30 
51 | 2713 | 2388 | 2085 | 1802 | 1536 | 1286} 1049] 825] 611] 408) 213 27 
52 | 2708 | 2382 | 2080 | 1797 | 1532 | 1282} 1045} 821] 608] 404; 210 24 
53 | 2702 | 2377 | 2075 | 1792 | 1528} 1278) 1041] 817} 604} 401} 207 21 
54 | 2696 | 2372 | 2070 | 1788 | 1523 | 1274} 1038] 814} 601} 398} 204 18 
55 | 2691 | 2367 | 2065 | 1784] 1519 | 1270} 1034} 810) 597} 394} 201 15 
56 | 2685 | 2362 | 2061 | 1779 | 1515 | 1266] 1030} 806; 594] 391] 198 12 
57 | 2679 | 2356 | 2056 | 1775 | 1511 | 1262 | 1026} 803] 590] 388] 194 09 
58 | 2674 | 2351 | 2051 | 1770 | 1506 | 1257 | 1022] 799| 587} 385) 191 06 
59 | 2668 | 2346 | 2046 | 1766 | 1502 | 1253} 1019} 796] 584] 381] 188 03 


OS TS 
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TABLE XXXI. 


Distances of the Moon from the Sun and fixed Stars, for September, 1823, 
(extracted from the Nautical Almanack.) 


Distances of }’s Centre from the Sun, and from Stars cast of her. 


a Noon, III}, VIh, IXh, Midnight.{ XVb. XVITIH. | XXI4, 


Stars’ Names. = || | —— | — | —-— | —-—— | ——_— | ——_. 


Q | D.M.S.] D. M.S. | D.M,S.:} D.M.S.| D.M.S. | D.M.S. | D. M.S. | D.M.S. 


— | —————__---—. | —. 


The Sun. 1 | 46.57 13 | 45 14.54 | 43 22 28 | 41 4958 | 40 7 22 aes, 
ahs 7| 4917 48| 4736 1| 45 5438 | 4413 40 | 42.33 5 | 40 5254 | 3913 6 | 37 33 42 | § 
: 8 | 35 54 42 | 34.16 5 | 32 37 50 | 30 59 58 | 29 22 30 Re ac aie 
Be eee Poe cece Pie wees AL oe vee te ef OO. 0 [ Soap se i ean Reese noes 
Bee a. 9 | 79 27 241 784/91 76 41 21 | 75 19 01 7357 5 | 72 35 38 | 71 14 41 | 69 5414 | | 
quile. 10 | 68 B4 16 | 67 14 49 | 65 55 55 | 64 87 34 | 63 19 46 | 62 2.33 | 60 45 56 | 99 29 96 | | 
581482 Vie ac ce Vice wel] de ce ce ble dct (ed hn 


1] | 81 19 34 | 79 56 83 | 78 33 48 | 77 1118 | 75 49 4 “74 27 7| 73 5 26} 71 44 1 
Fomalhaut. 12 | 70 22 54 | 69 2 4] 67 41 31 | 66 21 15 | 65 1 18 | 63 4I 89 | 62 22 19 | 61 318 
13 | 59 44°38 | 58 26 20 | 57 8.24 |.5d 50 51 | 54 33 41 | co ee eerste 


5 rn a Ff | | ee | | — | | 


Ai ao aaa 


LB b catoser ceed bode e viee P sese ct wetil. ot) ee. em] ZovOdr2 Lay if aeae Oo mtr Omeeomee mn mCrO me ieee 
@ Pee nai 14 | 67 52 16 | 66 27 10 | 65 2 8} 63 87 9 | 62 12 14 | 60 47 23 | 59 22 35 | 57 57 52 | g 
ir +. OES 55 8 40 | 53 44 10 | 52 19 46 | 50 55 29 | 49 31 19 | 48 7 17 | 46 43 24 | g 


ee ee | 


16 | 86 23 42 | 84 43 59 | 83 24 7 | 81 54 6 | 80 28 57 | 78 53 39 | 77 23 10 | 75 52 32 | & 

17 | 74 21 45 | 72 50 47 | 71 19 39 | 69 48 20 | 68 16 50 | 66 45 9 | 65 13 17 | 63 4) 14 

a Arietis. 18 | 62 8 59 | 60 36 33 | 59 3 56 | 57 381 7 | 55 58 6 | 54 24 53 | 52 51 29 | 51 17 53 | | 
19 | 49 44 6 | 4810 7 | 46 35 57 | 45 1 37 | 43 27 6 | 41 52 24 | 40 17 33 | 38 42 32 | ¥ 


7 


20 | 69 46 58 | 68 12 4 | 66 36 59 | 65 1 43 | 63 26 17 | 61 50 41 | 60 14 55 | 58 39 0 | & 
Aaebaran 21 | 57 2 57 | 55 26 45 | 53 50 24°) 52 13 57 | 50 37 24 | 49 0 44 | 47 23 59 | 45 47 11 | & 
. 4 22 | 44 10 20 | 42 33 26 | 40 56 31 | 39 19 39 | 37 42 50 | 86 6 4 | 34 29 24 | 8B 52 57 | # 

23 | 31 16 47 | 29 40 56 | 28 5 27 | 26 30 24 | 245550 )].... .. 4} .. 2... |... a. 


2B | dia gems bitty les av Vole Uh veep e'a® 6 vill lle 0” ad’ New| OO, OLUZO | Oa) Oem meme ea anny 
Pollux. 24 | 59 6 21 | 57 24 44 | 55 43 0) 54 1 9 | 5219 12 | 50 87 8 | 48 54 58 | 47 12 42 
| 25 | 45 30 22 | 43 47 58 | 42 5 29 | 40 22 57 | 88 40 23 : siethore,Viiow table tbat teyedests 


— | —..____ | | — | | | | | 


OB sugelese ol taceene | toate scteelal Vawlladtven |-75.17 431 57a ee oo lee ee 
Regulus. 26 | 68 20 388 | 66 36 2 | 6451 19 | 63 6 28 | 61 21 30 | 59 36 25 | 57 51 13 | 56 5 54 | Fl 
97 | 54 20 29 \'52°34.58:| 50: 49°20 1549 3.36 |.47 17-46] .<). 0 vane) Wet e 


Ld eee I ERT e en ee nner ren Ammo hoo hots EEG eu) ly se hed) 
25 1116 22 8 {114 46 12 1113 10 8 111 33 55 109 57 33 1108 21 3 |106 44 24 1105 7 37 | 
26 1103 30 41 {101 53 387 100 16 25 | 98 39 5 | 97 1 38 | 9% 24 8 | 93 46 2] | 92 8 32 | § 
The Sun. 27 | 90 30 35 | 88 52 31 | 87 14 21 | 85 386 4 | 83 57 41 | 82 19 11 | 80 40 35 | 79 1 54 | ¥ 
28°) 77 23. 7 | 75 4415 | 74 5 17 |} 72 26 15 | 70 47 9 | 69. 7 58 | 67 28 44 | 65 49 27 | | 
29 | 6410 6) 62 30 42 | 60 51 17 | 59 11 50 | 57 32 21 | 55 52 51 | 54 18 21 | 52 33 52 
30 | 00 54 23 | 49 14 55 | 47 35 30 | 45 56 7 | 44 16 48 | 42 37 33 | 40 58 23 | 39 19 19 


a ae eee 
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TABLE XXXI. 


Distances of tie Moon from the Sun and fixed Stars, for September, 1822, 


(extracted from the Nautical Almanack.) 


Distances of }’s Centre from the Sun, and from Stars west of her. 


a Noon. | II1h, Vib, IX, |Midnight. XVh, XVIIIh, |} XXI, | 
Stars’ Names, | >= —. 


See. S21) D. Mes.) Di M.S. | D2M.'S. | D.M.S. | D.MS: 1D. MyS, 


REN Sess ceili sales) o> (| as eer ee | 40 21038 | AN54 6) 43) 26011} 4407 ‘O00 

46 29 17 | 48 017 | 49 30 54} 51 110) 5231 41] 54 0 86 | 55 29 46 | 56 58 35 

9 | 58 27 4 | 59 55 12 | 61 22 59 | 62 50 27 | 64.17 35 | 65 44 24 | 67 10 54 | 6837 6 

The Sun 0} 70 38 1 | 71 28 38 | 72 53 58 | 74:19 1 | 75 43 48 | 77 8 20 | 78 32 38 | 79 56 41 

‘ 1 | 81 20 31 | 82 44 8 | 84 7 382 | 85 30 44 | 86 53 44 | 88 16 34 | 89 39.13 | 91 | 42 

2} 92 24 2} 93 46 14 | 95 817 | 96 30 13 | 97 52 2 | 99 13 45 {100 36 21 }101 56 53 

3 1103 18 20 |104 39 43 |106 1 2 4107 22 20 1108 43 35 1110 4 48 |111 25 59 {112 47 10 
14 |114 8 20 1115 29 31 1116 50 42 1118 11 55 [119 38 9 1120 54 25)... 


me ie elt ame. PS ee 153 BY 34 1 gaol 43h) 56 SIRAD | 58 OT Bt 
Spica Ip 12) | 5051 12 | Gi 20.45 | 62 50 10 | 64.19 28 | GS 48 -39.| OF 17 44. | 68 4645 | 70 15 41 
13 | 71 4432 | 7313.19 | 7442 44 76 10 47 | 773927 |. iS 


Pe de Hiscdise ss A ee tse soe | ol O2ilo | ad.20 0. 1 34 49045 |) 36 18 29 
14 | 87 47 14 | 89 16 0 | 40 44 46 | 42 13 35 | 43 42 26 | 45 11 19 | 46 40 16 | 48 9 16 
15 | 49 38 21 | 51 7 81 | 52 386 46 | 54 6 6 | 55 35 33 | 57 5 6 | 58 34 46 | 60 4 33 
Antares. -} 16 | Gl 34 28 | 63 4 31 | 64 34 42 | 66 5 2] 67 35 31 | 69 6 9 | 70 86 58 | 72 7 57 
17 | 73 39 6 | 75 10 26 | 76 41 56 | 78 13 37 | 79 45 30 | 81 17 35 | 82 49 51 | 84 22 19 
i. = a y 87 27 51 | 89 0 56 | 90 34 14 | 92 7 44 | 93 41 27 | 95 15 23 cia 49 32 


19 | 50 31 43 |} 51 45 55 | 538 1 1 | 5417 1 | 55 33 52 | 56 51 82 | 68 9 57 | 59 29 6 
@ Aquile. a 60 48 an 62 9 24 | 63 30 29 | 64 52 10 | 66 14 23 | 67 387 7 | 69 0 21 | 70 24 2 


—— 


21 | 46 51 59 } 48 13 50 | 49 36 34] 51 0 8 | 52 24 30 peees 37 | 58 16 26 | 56 41 55 
23} 70 4 5 |°71 35 20 | 78 6 55 } 74 38 49 | 76 11 1 | 77 48 30 | 79 16 15 | 80 49 1d 


| Fomathant, | 22 | 58 9 2 | 59 3643 | 61 4.56 | 62 33 40 | 64 2 54 | 5 82 95 | 67 2 41 | 63.95.11 
24 | 82 22 28 Baird ae) ened | atk eoy ba ekeee 

4 te ae 24 | 60 3418 | 6212 5 | 6350 9| 65 2829167 7 5 | 68 4556 | 7025 2| 72 422 
egasi. 25.| 73 4355 | 75 23 41 |77 338 | 78 43 47| 8024 7)... we | we ve ee 
Gee |. cee) ren .s Ven. 2e 187-(9°47"|/a8'58 0° | 40 Se ae | ae aoe 

Bee 26 | 443 50 | 45 47 49 | 47 31 59 | 49 16 20 | 51 0 51 | 52 45 90 | 54 30 19 | 56 15 16 | 


51 
27 | 58 0 22 | 59 45 36 | 61 30 58 | 63.16 28 | 65 2 6 | 66 47 51 | 68 83 43 | 70 19 4: 
28 | 72 5 48 | 73 52 0 | 75 388.17 | 77 24 40 | 79 11 8]. 0 


— | ——__ 


ER Seen lee | oSalisel oe Yous oe etten 4 47 9 47 148 SM 15: 50" 8B 54-4 62.2344 


ath 29 | 54 8 44 | 55 53 53 | 57 89 11 | 59 24 36 | 6110 8 | 62 55 45 | 64 41 27 | 66 27 14 
Aldebaran. 30 | 6813 4 Aes a8 aa 73 30 49 | 75 16 46 | 77 2 43 | 78 48 40 | 80 34 35 


01 | 82 20 28 


= AST EI ea 


TABLE XXXIL. 


gene 
eich tar Noon. IIIh. Vih. IXh. 
. r) “ cm o ‘ “ o ‘ a“ o ‘ “ 
21 44 | 22 18 43Nn 21 51 12n | 21 22 22n | 20 52 1IN 
22 39 18 , #54) 29) eo, 16 47 51 16 8 45 
li 56 55 11 12 36 10 27 44 


[eR RE at eRe ee en ay 


Right Ascension, Declination, &c. of the 


Cn Hh OF dD 
bo 
(Je) 
ivS) 
bo 
— 
bo 
iN 
i=) 
AS 
— 


ro 6 36 50 5 49 42n 9 2 25Nn 4 14 49Nn 

0 23 017 ON 0 30 26s 1 17 40s 2 4 43s 
6 I 12 5 55 38s 6 40 41 7 25 15 8 9 10 
7 2 1,11 41 6 12 21 32 13. 1 14 13 40 12 
8 250 | 1643 4 17 bi 4 17 50 9 18 22 18 
g 20 48 33 21 14 45 21 39 53 22 3°57 
10 4 32 | 23 47 58 24 5 24 24 21 42 24 36 51 


pe | es | 


"95 35 15. | 95 43 Oh | 0b 50.25 | 25 Balie 


ow 
ca 
i=) 


LI 5 23 
12 6154 26 Aw 57 26 6 49 26 4 32 26 2) 8 
13 76.) 25 27 23 pas We daea | 2D only 24 54 9 
14 7 54 | 23.389 23 20 O 23 .0 85 22 40 54 
15 B 411, 20 47 Bf 20 23. 5 19 56 O 19 29 9 
16 D2 wy £3 Se 16 32 17 16 0 24 15 27: 52 H 
17 | 10 10 | 12 36 10 12 010 11 23 43 10 46 43 
18 | 10 58 730-15 6 55 48 616 2 5 85.57 
19:4) 1) 37 2 11 34s 130 4s 0 48 26s 0 64ls 
90 | 12 21 3 23 4N 4 5 1N 4 46 53N 5 28 39Nn 
21 TSiig. 7 8 55 8 9 35 44 10 16 O 10 55: 5 
92-1 13° 56+4 14,918 14 46 22 15 22 54 15 58 47 
23 | 14 48 | 18 47 36 19 18 58 19 49 23 20 18 53 
Ody 15°45:)°22 SU) 8 22 54 12 23° 154.5 23 36 44 
25 4.16 44:| 25 0 29 25 18 6 25 24 16 25 35 58 
26 | 17 45 | 25 59 55 26 O 21 25 59 29 25 56 55 
27 | 18 45 | 25 20 44 25 8 49 24 56.25 24 40 30 
28 | 19 44 | 23 4 4 22 40 34 22 15 46 21 49 41 
295), 2039 19 20 51 18 47 40 | 18 13 30 17 38 19 | 
30 | 21 31 | 14 28 42n 13 48 21n | 13 7 20N 12 25 37N 
aul ab Moon : Right 
Noon. Ih. V[h. IXh. 
hy omens hee 8, h. m, s. am. as 
] 27 a oan 7 39 54 7 47 21 7 o8°° 6 
2 28 8 32 18 8 39 36 8 46 51 8 54 3 
3 29 9.29) 22 9 36 18 9 43 11 9 50.2 
4 1 10 23 41 10 30 18 10 36.55 .) 10 48 28 
5 2 11 15 56 11 22 22 11 28 47 {| 11 35 i 
m 6 3 12. F22 12-13 23 12 19 43 12 26 4 
7 4 12 57 49 1 441 13 10 34 13 16 59 
8 5 | 1349 2 13 55 29 1d 1/87 14 8 27 
9 6 14 41 5 14 47 40 14 54 15 15 0 51 
10 7 15 34 3 15 40 44 15 47 24 15 54 6 
11 8 16 27 38 16 34 20 1641 3 16 47 46 
12 9 17 21 13 17 87 52 17 34 31 17 41 9 
13 10 18 14 3 18 20 35 18 27 4 18 33 33 
14 11 5s 30 19 11 51 19 18 8 19 24 24 
15 AZ 19 55 16 20 1 22 26.7825 20 13 28 
16 13 20 43 14 20 49 7 20 54 59 21 0 49 
17 14 21 29 43 21 35 26 210A lies9) 21 46 51 
18 15 ONL Oa 2 22 20 52 22 26 30 22 32°99) *, 
i 16 23.0 0225 23 6 6 23 11047 23 17 28 
20 17 23 46 9 23 51 56 23 57 45 0 3 36 
2 18 Ovoowls 0 39:17 0 45 21 0 51 27 
22 19 1 22 36 1 28 58 135923 ] 41851 
23 20 2 1467 2 21 44 2 28 35 bi Mis ti) te} 
24 21 3 10 44 3.17 57 3 25°12 oS OoboL 
2a 22 4 947 4 17 22 4 24 59 aoe p 
26 © 23 5 lla 5 19 0 5 26 47 5 34 34 
27 24 6. 13227 6 21 14 6 28 58 6 36 40 
28 25 7 14 46 7 22 14 7 29 47 T 37213 
29 26 8 13 51 8 21392 8 28 ll 8 35 18 
; 30 27 9 10 10 917 2 9 23 50 9 30 36 


one goo tats 


Moon, for September, 1823, deduced fro 


m the Nautical Almanac. 219 | 


Declination, September, 1823. )’s Semidr. 

Days.| Midnight, XVh. | Xvi | XXIh Noon. |Midnight. 

o ‘ “ o e “a o a “4 oO ‘ “ Pe} ‘ “ 

1 | 20 20 44n 19 48 IN 19 14 10n 18 39 12N 16 23 | 16 25 

2 | 15 28 41 14 47 48 1a5rG oe 13 23 48 16 26 | -16 26 

3 9 42 19 8 56 28 8 10 15 7 23. 43 16 25 | 16 23 

4 3.27 24Nn 2.39 48n 1 52 12Nn 1 4 36N 16 20 | 16 16 

5 2 51 33s 3 38 6s 4 24 18s | 5 10 9s 16°12) 16n 7 

6 8 52 52 9 36 47 10 19 29 11 0 54 16; 1 | 1854 

7 | 14 18 25 14 55 50 15 88, 25 16 8 10 15 47 | 15 41 

8 | 18 53 32 19 23 47 1955 2 20 21 18 1 BOE | oes 7 

9 | 22 26 58 22 48 54 23 9 41 23 29 24 15: (207 | 25) 14 

10 | 24 50 52 25 3 42 25 18: 25 25 25 54 15} 96) 193 

11 | 26 0 56 26 4 26 26 6 45 26 7 56 14 59 | 14 55 

12.) 25.56 386 25 50 56 25 44 10 25 36 20 14 52 | 14 49 

13 | 24 40 58 24 26 45 24 Ut-3? 23 55 21 14 47 | 14 46 

14 | 22 19 57 21 864.6 21 35 33 21 11 48 14 46 | 14 46 

15°) 19 4 30 18 33 5 LG) eo Gy: 17 34 6 14 46 | 14 48 

16 | 14 54 42 14 20 56 13 46 36 13 11 40 14 50 | 14 52 

Aa LOS Soke 9 31 22 853 4 8 14 21 14.55 | 14 58 

18 4 55 34s 4 14 54s 3 34 Is 2 52 54s Lee Aes 6 

19 0 35 LIN 117 8Nn 1 59 6N 241 5n 15.10 | 15 14 

20 6 10 19 6 51 50 71.38 9 8 14 15 16 18 |. 15923 

21 | 11 85 29 12 14 38 12 53 19 13.31 30 15°27 1 15°31 

99 1 16. $4.3 17 8 36 1] 42733 18 1a 22 FY Teh!) Ya 89 

23 | 20 47 26 21 14 58 21 41 26 22 6 48 1504504 1547 

| 24 | 23 56 9 24 14 16 24 31° 8 24 46 26 1O%50">|) Vawo4 

| 25 | 25 42 13 25 48 56 v5 54° 7 25 57 47 15 57:) 16°69 

6 | 26 52 49 25 47 8 E28, 89153 ae 16.255, Tone 

21 | 24.24°.6 24 6 12 23 46 54 23 26 11 16 6] 16 8 

Seb al 22 as 20 33 40 20 23 53 UNIS) Bis Wh 16p10R Tost 

2o.4 Fe ..2°,8 16 25 2 15 472 § 15 8 19 16 12 | 16 12 

:.30 | 11 43 18N | 11 O 22N 10 16 59N 9 33 6N 16 312 | 16 11 

Ascension in Time, September, 1823. oe nt Pe. 

Days.| Midnight. XVh. XVIIIb. XXIh Noon. |Midnight. 

hm 5s. iy ms. = 8 Hy Ri. 5, s: Ris. fii) Be Paap 4. 

1 8 238 810 7 8 17 33 8 24 57 60 60 15 

2 Der lS 9 8 20 9 15 23 9 22 26 60 19 | 60 19 

3 9 56 50 10 ,8 B6 10 10 20 10, 171 60 15 } 60 8 

%; 10 60°. 1 10 56 31 Mack ll 9 29 59 58 | 59 44 

6} Li Ali 84 1] 47 56 ]1 5417 12 0 40 69 27 1 S007 

6 {| 12 82.25 12 38 45 24a 6 hen bee Dole ones 

Pil to 2aee | 13 29 47 13 36 12 13 42 38 5/ S71 | OF 82 

8 | 14 14 56 14 21 27 14 27.59 14 34 32 57 6 | 56 41 

9415 7:28 la 1402.6 15 20 44 Oe te 56 17 | 55 55 

10 | 16 O 48 16. -7n3l 16 boul? 16 20 55 Op), Se Pe OO aa 

16 54 28 Ge Ay) fie hs! 17] 1oNS2 54 58 | 54 43 

17 47 46 17 54 22 18 0 57 TS) Fixe k 54 31 | 54 22 

18 40 0 18 46 25 18 52 49 18 59 12 54 16 | 54 12 

19 30 28 19 36 50 19 43 0 19 49 9 54 10 ; 54 10 

20 19 28 20 25 28 20 31 24 20 37 20 54 13 | 54 18 

21 6:38: 21 12-26 21 18 12 21 23 58 54 25 | 54 84 

Pl 52182 Zt 58 52 22 F' DS 22. 10.42 54 45 | 54 57 

22 37 48 22 43 27 22 49 6 22 54 45 55) 100156 2a 

93 23 10 23 28 53 2) 94:37. 2p 4022 55 39 | 55 54 

G@.9 28 0 15 22 0 21 17 0 27) 15 56 10 | 56 26 

0 57 36 } 3/51 2 AOC EL 1155, 2 56 42 | 56 57 

1 48 22 1 54 56 2 ha 2 8 14 B57 1B) 57 BT 

2 42°25 2 49 24 2 56 28 8 8 34 57 415) 57 65 

3 39 53 3 47 18 3 54 45 4 BAS 58 8 | 58 20 

4 40 18 448 0 4 55 43 5 8 28 58 31 | 58 41 

5 42 21 5 50 8 5 57 55 6 5 42 58 50 | 58 59 

6 44 20 6 51 59 6 59 37 7 7.12 59 7 | 59 13 

7 44 38 1 OZteU 7 59 20 8 6 37 59 19 | 59 24 

8 42 21 8 49 22 8 56 21 9 .Si1F 59 27.| 59 28 

9 37 20 944 2 9 50 37 9 56 39 59 27 | 59 25 


— 
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Logarithms to compute the Longitude from the Difference between the Intervals of Transit 


SSS ens 


Log. 


1°536004 
1°535566 
1°535130 
1°534693 
1°534256 
1°533821 
1°533385 
1°532950 
1°532515 


COWARDS 


| 


r= 
w 


BHUYIBARWNHES 


1°53 1647 
1531214 
1°530781 
1°530348 
1°529916 
1°529484 
1°529053 
1°528622 
1528191 


ieee a 


1°527761 
17527331 
1526902 
1°526473 


SS 
i 
(j=) 


CSewIHsAKRWNeES 


1°526044 
1°525616 
1°525188 
1°524761 
1°524334 
1*523907 


1°523481 
1°523055 
1°522630 
1°522205 
1521780 
1521355 


1°520085 
1°519662 


1519240 
1°518820 
1'518400 
17517980 
1°517560 


1°517140 
1516719 
1°516299 
1°515879 
1°515039 
1°514621 


1515459 
1*514203 
1°513786 
1513369 
1°512952 
1+512536 
1°512120 
1°511705 
| 1°513290 


PA of the Moon’s bright Limb and a Star. 
Log. Parts ey Log Parts. 
Ss 

1°510875 0 $54'0 | 1°486648 0 
1510461 | 41 § °1 | 1:486255 | 39 
1510047 | 82] °2 | 1:485862 | 78 
1509633 | 123 | °3 | 1485469 | 118 
1°509220 | 165 | °4 | 1°485077 | 157 
1°508808 | 206 | °5 | 1°484685 | 196 
1°508395 | 247 § °6 | 1:484294 | 235 
1°507983 | 288 | °7 | 1:483903 | 274 
1507571 | 330 f °8 | 1:483512 | 313 
19507161 | 371 f °9 | 1:483121 | 353 
1°506749 0 55:0 | 1:482731 0 
1506337 | 41 f ‘1 | 1:482341 | 39 
1505928 | 82] °2 | 1:481952 | 78 
1505518 | 123 | °3 | 1:481562 | 117 
19505108 | 164 | °4 | 1481173 | 155 
1504699 | 205 | ‘5 | 1:480785 | 194 
1°504290 | 245 | °6 | 1:480397 | 233 
1503881 | 286 | -7 | 1:480009 | 272 
1°503473 | 327 | °8 | 1:479621 | 311 
1°503065 | 368 | °9 } 1:479234 | 350 
| 17502658 0 1560 | 1:478847 0 
1502251 | 41] <1 | 1:478460 | 39 
1501844 | 81] °2 | 1:478074 | 77 
1501438 | 122 | -3 | 1:477688 | 116 
1°501032 | 162 | °4 | 1:477302 | 154 
1:500626 } 203 | °5 | 1:476917 | 193 
1500221 | 243 | °6 | 1'476532 | 231 
1:499816 | 284 | -7 | 1:476147 | 270 
1:499411 | 324 | °8 | 1:475763 | 308 
1:499007 | 365 | “9 | 1:475379 | 347 
1'498603 0 157°0 | 1:474995 0 
1:498200 | 40 4 °‘1°| 1:474612 | 38 
1:497797 | 80] ‘2 | 1:474228 | 76 
1497393 | 121 | °3 | 1°473845.| 115 
1:496991 | 161 | °4 | 1:473462‘) 153 
1496589 | 201 | °5 | 1473080 | 191 
1496188 | 241 § °6 | 1:472699 | 229 
1:495786 | 281 | °7 | 1:472317 | 267 
1495385 | 322 | -8 | 1:471936 | 306 
1494984 | 362 | -S | 1:471555 | 344 
1°494584 0 {58:0 | 1°471174 0 
1:494184 | 404 +1 | 1:470794 | 38 
1493784 | 80] ‘2 | 1:470414 | 76 
1°493385 | 120 | -°3 | 1:°470034 | 114 
1492986 | 159 J 4 | 1:469655 | 152 
1492587 | 199 | °5 | 1:469276 | 190 
1°492189 | 239 | °6 | 1:468897 | 227 
1491791 | 279 | °7 | 1:468518 | 265 
1°491393 | 319 | °8 | 1:468140 | 303 
1:490996 | 359 | °9 | 1:467762 | 341 
1°490599 0 159°0 | 1:467385 0 
1490202 | 39} ‘1 | 1467008 | 38 
1:489806 | 79 4 +2 | 1°466631 | 75 
{ 1:489410 | 119 | °3 | 1:466255 | 113 
1:'489014 | 158 | °4 | 1465878 | 150 
1:488619 | 198 } °5 | 1:465502 | 188 
1488224 | 237 f °6 | 1:465127 | 226 
| 1487830 | 277 § °7 | 1:464751 | 263 
1487436 | 316 | °8 | 1:464376 | 301 
1487042 | 356 f °9 | 1°464001 | 338 


SOIAGAONS 


1°536442 


1°532081 


1°520932 | 
1°520508 


eee [| 


WOHIAMAHRWNES 


90°0 


WODIAARONE 


werAAkene 


e 


COIRMARWNHES 


s 


HOD 


ODIAAH 


WDUIAARWNH HK 


Log. 


1:463627 
1:463253 
1°462879. 
1:462505 
1:462132 
1:461759 
1:461386 
1:461014 
1:460642 
1:460270 


1°459898 


1459527 


1°459156 


1°458785 
1°458414 
1°458044 
1°457674 
1°457305 
1°456936 
1°456567 


1:455830 
1:455462 
1:455094 
1:454727 
1:454360 
1:453993 
1:453627 
1:453261 
1:452895 


1°452529 
1452164 
1°451799 
1°451434 
1°451069 
1:450705 
1°450341 
1:449977 
1°449614. 
1°449251 


1-448888 
1*448525 
1:448163 
1:447801 
1:447439 
1:447078 
1:446717 
1-446356 
1°445995 
1:445635 


1°445275 
1444915 
1434556 


1°444196 | 


1:443837 
17443478 
1°443120 


1°442762 


1*442404 


, 1°442046 


Parts 


0 
37 
io 

112 
149 
187 
224. 
261 
298 
336 


0 
37 
74 

111 
148; 
185 
222 
259 
296 
333 


__ 


| 1°456198 i 


37 

73 
110 
147 
184 
220 
257 


294) - 


330 


—— 


— | ——— 


pl piesa et 


TABLE XXXII. 221 


Logarithms to compute the Longitude from the Difference between the Intervals of Transit 
of the Moon’s bright Limb and a Star. 


1420737 ‘0 | 1:°400682 | .0 #24°0 | 1381448 

1'420396 4 | 1°400355 Ast) | .1°383134 11931 
1°420055 H °2 | 1:400028 5 # +2 | 1:380820 | 63 
1°419715 H °3 | 1°399701 | °3 | 1:380506 | 94 
1°419373 f °4 | 1°399375 f °4 | 1:320193 | 125 
1°419033 ive 1399049 1'379880 | 156 
1*418693 °6 | 1:398723 ) 6°6 | 1379567 | 188 
1°418354 | °7 | 15398397 | 228 be 7 | 1379254 | 219 
1:418014 f °8 | 1°398071 r***3 | 1°378941 | 250 


1:438840 
1:438486 1:417674 | | 9 | 1°397746 | °9 | 1378629 | 282 


1:438131 O #13'0 | 1:417335 H19- 1:°397421 125° 1:378317 0 
1:437777 -1 | 1°416996 f 1°397096 1°378005 | 31 
1377693 | 62 
1:377382 | 293 
1:377071 | 124 
1°376759 | 155 
1°376449 | 186 
1°376138 | 218 
1°375827 | 249 
1°375517 | 280 
1°375207 0 
1:374897 | 31 
1°374587 | 62 
1°374278 | 92 
1°373969 | 123 
1°373659 | 154 
137335001165 
1°373042 | 216 
1°372733 | 246 
1°372425 | 277 


— 


1°441689 
1°441332 
1440975 
1°440619 
1°440263 
1°439907 
i 1°439551 
1°439196 


AnsRweyec 


BOABAKRWNDES 


> . ° . 
tO G7 


WoOIsABROYES 


1°437423 2 i 1416657 : 1:396772 
1°437069 3 | 1°416319 : 1°396447 
1°436715 "4 | 1°415981 35 7 ° 1°396123 
1°436362 “> | 1415643 °D | 1°395799 
1°436009 °6 | 1°415306 ies 1°395476 
1°435650 7 | 1414969 i. fe 1395152 
1°435304 *8 | 1°414631 vec 1°394829 
1°434952 : 1°414294 : 1°394506 


—_-—_ |} —_- — | ———_ 


1°434600 O #140 | 1°413957 20° 1394183 
1°434248 35 : 1°413621 ; 1°393860 
1°433897 1°413285 : 17393538 
1°433546 1*412949 Be 1°393216 
1°433195 1°412613 ; 1°392894 
1°432845 1:412278 °S | 1392572 
1°432494. 1°411942 : 1°392251 
1°432144 1°411607 : 1°391930 
1°431795 1°411273 : 1°391608 
1431445 1°410938 : 1°391288 


Se ar \ — 


90 | 1:431096 0 f15'0 | 1°410604 |. 0 f21° 1°390967 27° 1°372117 0 
1°430747 1:410270 1°390647 F s1 | 1371809 | 31 
1°430398 1'409936 1°390327 : 1372501" | 64 
1°430050 1409602 1°390007 , U371494"}-92 
1°429701 1°409269 1°389687 , 1:370887 | 122 
1°429354 1:408935 1°389367 ie 1°370579 | 153 
1°429006 1°408602 1389048 *6 | 1370273 
-1:428659 1408270 1°388729 | °7 | 1369966 
1'428312 1°407937 1°388410 | 2 *8 | 11369659 
1°427965 1°407605 1388091 1 °9 | 1369353 


1°427618 0 416°0 | 1:407273 1°387773 423" 1'369047 
1°427272 35 ; 1°406941 1°387454 ‘ 1°368741 
1°426925 69 1:406610 1°387137 3g ° 1°368435 
1'426580 | 103 1°406278 1°386819 DOF Bio 1°363130 
1°426234 | 138 1*405947 1°386501 PAS 1°367825 
1°425888 | 172 1°405617 1°386183 a 1°367520 
1°425543 | 207 1°405286 1°385867 ea 1°367215 
1°425198 | 242 1°404956 1°385550 2B 2 1°366910 
1424854 | 276 1404626 1°385233 Gis 1°366605 
1°424509 | 310 1°404296 1:384916 aE * 1°366301 


1424165 1°403966 123° 1°384600 129° 1°365997 
1423821 1°403636 ‘ 1°384284 i 1'365693 
1°423477 1°403307 1°383968 1°365389 
1°423134 ]:402978 1°383652 1°365086_ 
1°422791 1°402650 1°383337 1°364782 
1°422448 1°402321 1°383021 1°364479 
1°422105 1°401993 1°382706 1°364176 
1°421763 1'401665 1°38239 1 1°363873 
1°401337 1°382077 1363571 


1°421421 
1°421079 1°401009 } 1°381762 1°363268 
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1°362966 
1°362664 
1°362362 
1°362061 
1°361759 
1°361458 
(361157 
1°360856 
1°360556 
1*360255 


1°359955 
1359685 
17359355 
1359055 
'1:358756 
1°358457 
1°358157 
17357859 
1°357560 
1357261 


1°356963 
1*356665 
1°356367 
1°356069 
1 355772 
1:355474 
1°355177 
1°354880 
1°354583 
1°354286 
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1°353990 
1°353694 
1°353397 
1°353 102 
1°352806 
1°352510 
1'352215 
1°351920 
1°351624 
17351330 
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TABLE XXXIII. 


Logarithms to compute the Longitude from the Difference between the Intervals of Transit 
of the Moon’s bright Limb and a Star. " 


1°351035 
1°350740 
1°350446 


* 1°350152 


1°349858 
1°349564 
1°349271 
1°348977 
1°348684 
1°348391 


1°348098 
1°347805 
1°347513 
1°347220 
1°34928 
1°346636 


1346344 


1:346053 
1°345761 
1°345470 


1°345179 
1°344888 
1°344598 
1°344307 
1°344017 
1°343727 
1*343437 
1:343 147 
1°342858 
1342568 


1°342279 
1°341990 
1°341701 
1*341412 
1°341124 
1°340835 
1°340547 
1°340259 
1°339971 
1°339683 


Log. 


1°339396 


1°339109 
1°338821 
1°338534 
1*338248 
1°337961 
1:337675 
1°337388 
1:337102 
1°336816 


1°336530 
1°336244 
1°335959 
1°335674 
1°335389 
1°335104 
1°334819 
1°334534 
1°334250 
1°333966 


1°333682 
1°333398 
1°333114 
1332831 
1°332547 


1°33198L 
1°331698 
1°331415 
1°331132 


1°330850 
1°330568 
1°330285 
1°330003 
1:329722 
1°329440 
1°329158 
1:328877 
1°328596 
1°328315 
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TABLE XXXIV. 


Moon’s Declination. 


1'332264: 
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0 
29 
57 
86 
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1°328034 


1°327753 
1°327473 


1327192. 


1°326912 
1:326632 
1°326352 
1°326073 
1°325793 
1'3255 14 


0 , 
28 
56} 
84 

112 
140 
168 
196 
224 
252 
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1°325235 
1324956 
1°324677 
1°324399 
1:324120 
1°32384 2 
1°323564 
1°323286 
1°323008 
1°322730 


0 
28 
56 


111 
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1322453 
1°322176 
1321898 
1:321621 
1°321345 
1°321068 
1°320791 
1°320515 
1°320239 
1:319963 


1319687 


1°319411 


1°319136 | 


1°318860 
1°318585 
1°318310 
1318035 


1317760. | 
1°317486 | 


1317211. | 24 
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TABLE XXXV. 


Moon, where it is known. 


Coast, Sea, or 


| 


Places. Country. Latitude. Longitude. 
Aalbotprrsivideices ku crs. » st Denmark ...ccceese} O72 2°46’"N1 9955’ 4Q¢E 
Abaco Isle, N. E. Point......... Lucayos.....s.+..+| 26 30 ON} 77 O12 W 
Pebevslinreriey, eh. hee. . co, France ..seesee--0./ 90 7 ON} 150 OW 
Atbs (BG itead o.. 0.5068 5k. Scotland ....+...+6-| 59 59 ON| 2 8 OW 
Aberdeenviagss...c..5. 0.5.05. BOGAN <. iis We sci ols 57 8 58 Ni 2 5 42 W 
Abington, I. C. Ibetson }........ Gallepagos Isles..... 029 0 N| 90 43 40 W 
ABO’, oun oes! pede) 83 5:! Pinland 2... tise @ oe 60 26 58 N| 2217 9E 
AOOUKI emer ie. ote. Higyptse.sseesseses 31 19 44 N} 30 430K 
AGrolupeisies ..f..;°.°..*. GDN ste dole: cies + s0/s 17 58 0S | 38 41 15 W 
PCHCCH BICAG oie nce, bates D LBURIEA ss beneeee tis 536 0N/ 9519 OE 
fT ee ba pelea | eee SYTIAs see eres eeeee 32 54 35 N| 35 3 34E 
Admiralty Isles, Negro ......... Pacific Ocean.......| 2 0 0S |146 19 54E 
Adventure Isle ................| Pacific Ocean..... ..| 17 10 0S {144 30 OW 
African Isles, S. Isle ........... Indian Ocean..... .-| 455 08; 54 9 OF 
Amora Ties on cs. ce fw, Pacific Ocean....... 33 45 0S} 80 22 OW 
Ageroe Isle, Centre ............ Darway . -ns0cee'-9i 59 246 N] 10 54175 
Agnes (St.) Isle Light ........., Scilly Isles.....,...) 49 53 37 N} 6 19 23 W 
AE? oo Oe ee a Scotland........... 95 25 30 NN] 426 OW 
PGRHARIB Briers be tls loca. te W. Coast of France..} 46 2 ON} 111 OW 
Ajaccio...... By ea a a Corsica..o.ssvesers +} 41:99. ON| 844 O08 
Alacranes Isles, W. Island....... Gulf of Mexico......| 22 30 ON] 89 42 UW 
Alban’s (St.) Head ............ England...... oo cee} 80 32,30 NI 2° 5 -0W 
Albany) iho t yi f ha ti! United States.......} 42 39 0 N/ 73 45 OW 
MAURY IEEE oh eck ccs hice t. ce Hudson’s Bay ......] 52 14 40 N | 82 0 OW 
Albany Otway Cape............ New South Wales ...| 88 51 0 S [143 30 OF 
Albemarle Isle, C. Berkeley Pe PE PSeiic OCCAU icy oes 2. 0 Nicol Stan Ww 
Ailarsd Wl@raiss kets ecu Mediterranean ...... 25.57 ON 3,1. 0 W 
Aldabra tslagcd: i286}. Indian Ocean....... 917 0S | 46 14 OE 
Alderney Isle, N. End........... France ..4........-| 49 45 43 N| 212 30W 
Aleootskia Isles; Boos 6) 3S SS. Pacific Ocean....... 63 54 0 N+166 22 OW 
Me oe et, Turkey in“Asia......} 36 11 ON | 37 5 OE 
Aleeameette .2c.e....). lS, Turkey in Asia...... 36 35 0N}] 3615 OF 
UES I i rn CHIN A oe...{ 31:13 ON, 2953 OF 
Algiers Laght vai. os. oa. BY VAUD SLY. oes Leniec'd ss 36 47 20 N} 3 3 31E 
Algoa Bay, C. Recife .......... PRLMBOD.Ve aiele Bale te al 34 1 08) 2540 OE 
Altpante Aiea. k ok cede ec es Spain -..sseosiciees -| 3821 ON; 026 OW 
Alicuri Isle, Church............ Mediterranean ...... 38 33 40 N| 14 13 40 E 
Ailpiionsemate 4.5... ok f. Indian Ocean....... 7 4 08 | 5249 OF 
Amag Isle Drago........ Diet cs Cattegate.....002..| 09 30 0 Nj 12 41 30E 
Cy ie 2 ey ee a re Friendly Isles....... 18 0 08 |174 35 0W 
Pam MAP ABMIUO ode, eek ek BOav ARS ee Ta etn at's P25 0 N/ 30° 5° OW 
Amber Cape, N. E. extreme ..).. Madagascar ........ 43.57. O'S 1:49. 140 Oh 
NAS WRIGL oo deh elec ete au. Indian Archipelago...]| 3 52 0S |127 10 OF 
Amboyna, Fort Victoria......... Indian Archipelago... 3 40 0S }128 15 OE | 
Ambrose (St.) Isle..........0.. Pacific Ocean....... 26 20 0S} 79°51 OW 
POEVI dele .. ceive «.ae.} Pacific Ocean... ..%. 16 9 30 S j168 12 30E 
Amelia Isle, N. End ........... United States.......| 30 40 0 Nj} 81 35 OW 
Amirante Isles, S. Point......... Indian Ocean....... 620 0S] 5440 OE 
Amoy Harbour, Chapel Isle ..... Chinese Sea........| 24 10 ON{118 10 OE 
Amphitrite Isle, N. Isle......... Paracels ....¢.+-+2-) 16 58 ON{112 15 OF 
PMU aed ws cewes ss eee Netherlands........ 52 22 ON] 453 OF 
Amsterdam Isle ............... Indian Archipelago ..| 0 19 30 S {132 15 OE 
Amsterdam Isle, W. Point....... Indian Ocean,.,.... 37 47 46 S| 77 25 11E 
Anambas, North............... Chinese Sea.......0 3 27 0N/106 15 OF 
TS a Ttaly acec'csccedae sti 4a.ae 42 Ni 13 30 35 E 

| Andaman Isle, (Gt.) N. E. Point..} Bay of Bengal ......| 13 34 0 N OE 
| Andaman Isle, (Little) S. E. Pt..,| Bay of Bengal .,....| 10 26 0 N OE 
SS es Spain sxce-ceopeees| Aargs 20 N 0W 
Pudermons telesy.). 0... 6... Sea of Kamschatka...| 63 4 0 N 0 W 
Andrew’s, (St.) Cape........ ...| Madagascar .......,.| 16 2 0S OE 
Andrew’s (St.) Isle Carribean Sea ......| 12 31 ON OW 
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Latitudes and Longitudes of Places, with the time of High Water at the full and change of the 


Time 
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30 
30 
45 


39 


30 


20 


Stee 


Latitudes and Longitudes of Places, &c. 


Places, eee “s Latitude. Longitude. 
Andrew’s (St.) Isles \..00..0¢0.002{.racific Ocean... 0000] 0°20%,.07N [1322160048 
Anegaila Isle, S. E. Point.......| Carribee Isles ..... -| 18 44 ON] 6417 OW 
Angra Pequina Harbour ........| Africa ......000. «ef 26 38. 24:8 | 15‘ 193368 
Angrias Bank.... oe ate tee} Indian Ocean.s.4 ..+63)' 16,30. .0)N 7 7] So eee 
Anguilla Isle, Ww. Point ¢ bs Blew .| Carribee Isles ......| 18 14 30 N/| 63 9 36W 
Anholt hight 90) 4°. J .i¢ + 9). 5 Sie Sal Denmark rex: mem were 56 44 20 N} 11 38 51 £ 
Annapolis Royal .........+..+-| United States.......| 44 45 30 N | 65 46 30 W 
Annobona Isle, Peak ..... pee es) Atlantic Ocean sss x 1 24 i37s 5 38 12 E 
Ann’s (St.) Shoals, N. Pid Genie he He oe ART agit Sa 756 ON! 1330 OW 
Anthony’s (St.) Isle, N.W. Point .| Cape Verd Isles.....] 17 12 0 N| 25 5 OW 
Anticosti Isle, Jupiter’s Inlet..... Gulf of St. Lawrence.|} 49 26 0 N | 63 38 0 W 
Do. ExBndaki. oo. ote i Gulf of St. Lawrence.| 49 9 ON] 6155 UW 
Antigua Isle, Fort Hamilton.....| Carribee Isles ......| 17 4 30 N| 61 54 45 W 
Antonip, (St. )yCape-\.'4: she» eto. s FI) CUDA -. 5 on tin mie omens 2154 ON] 8 1 OW 
Antonio (St) Cape ..6... 66. oe | Paraguay. slsie' sins ..| 36 20 0S | 56 47 OW 
Antanio(St.);Ports.'.% vi. de . Ua. oe Patagonia cas oo cents 45 2 308 | 65 48 44 W 
Aor Isle). si: een oes o0ie's tise eee e's | Indian Archipelago ..| 2.29 30.N |104 34,08 
Apalache Bay....s-es.0+... bo hts, | PLOTIGA,scnidiclo evviees| OU: OO Bl toa 
Apeoislp a. tua. Rs A? oe ..-..| New Hebrides......| 16 46 30 S {168 27 30 E 
Arcas (Las) Isles, N. Isle .......| Gulf of Mexico......| 20 16 ON} 91 54 OW 
Archangel-Arsenal ... yess .eees Russia in Europe.. 64 31 40 N| 40 43 39 E 
Areot' Hort; ..4.i+..% fs EE He ANS) LICL ls wit'e le em OU 12 54 14 N{ 79 21 33 E 
Arentesiisle 143. 0%. « x. vss elvis oi] Endian Archipelago. 510 05 a 36 OE 
PRTICAT Alt Sis oie). "et bolo shies = Cooke eis © CUD % bs nis wassirelatals i. PLB 27 aes ie 0 W 
Arklown's ss ids aah eet rets ireland sis soljebtelnice lore 10.4 52 49 ON 6 30 W 
Arran, N, Piakisnies bs Pee eh, | CCI ANIL La elk ola nua isk 03.0) Ome | 9 33 OW 
Arroa Isle, (Round).......+.+. .| Straits of Malacca ...| 249 ON nh 49. 0.E 
Arroa Isle, (Great) S. Point ..... | Indian Archipelago ..| 7 6 085 {135 0 OE 
Ascension dsle-= aiid . <)> <i A Carolinas....... owl 6 53 0 N1 158 Soaeaeee 
Ascension Isle, Cross Hill....... Atlantic Ocean...... 7 55 30 S| 14 23 8 Ww 
Asia Isles, S. W. Isle.........-. Indian Archipelago,..| 057 45 N {131 7 39E 
Aspoe Isle, N. End ...... Be Sap Norway .......-...| 6113 ON]. 446 OF 
Assumption Isle........0.. «+ fil Pacthc Ocean. oiseate 19 45 0 N1|145 35 OF 
Assumption Isle........ bo oth ok Indian.Ocean......vac}" 9 904 0S 1 47) Lees 
Athens, Parthenon ....... sae ki ‘ot Turkey in Europe ...} 37 58 0 N| 23 43 54E 
Atkin’s Shoal. ....... a weve vey o's] Atlantic,Ocean...)... 2.4 90-18 0 N41 11) Toe 
Atwood’s Key, W. Point........| Lucayos ..... saeeeef 2d. 9 10 Ny 73:47 40M 
Auckland’s Isles, N. Point...... .| Pacific Ocean,......| 90 31 0S 1166 4 OE 
“Augulhas Cape Gis ce op ssvla de | Africa... .+o0+ncaue OF DL 0) Sa) cane een 
h | Augusta Light ......... bs CEAS rola POUCILY: ip ade ane i va oe 37 12 40 N| 15 12 30E 
Augusta Shoal ..... «Wo dp ovtelp cet Indian Ocean . esses) 20 44, 0 Sogo tee 
Augustine (St.) ......5. ba cae ee Florida i... osu ...| 29 48 ON] 8118 OW 
Augustine (St:); Bays. 5, 5 os os Labrador. .s's .2 oso { 00) 1S ON 1 GB ayo 
Augustine (St.) ee b fe iste islet] orazil.. ...| 823 058 | 34 56 OW 
Auroraiisle 2424. ye fre the ea New eondnes 15 8 08 |168 17 OF 
Aves, or Bird’s Isles SoA NES ee ae Carribee Isles.......| 15 30 ON] 63 38 OW 
Awatska Bay ...08...... .oese-| Kamschatka........| 52 52 0 N/|158 47 OE 
Baba Cape....e..eeeseeeee.ee| Lurkey in Asia......| 39 30 15 N| 25 51 40 E 
Babberdshe -.i. 3% bie se die o tele ba Indian Archipelago ..| 7 25 0 § |130 40 OF 
Babelmandel Cape........... <] Arabia.coa » ost ie vive} te 40 0 Nae Olas 
Bahama Isle (Great) W. End.....| Lucayos ...........| 26 43 0 N| 7856 OW 
Bajador Capes g aig ole o's d'in'e alele od| Africa..e.e.suiceeeee| 220. / SU aMAnoU he in 
Baker'siIste. Light h .1.(4. Gels digs ah United States.......| 42 32. 0 N| 70 50 OW 
Balade Harbour, Bouguioue Isle..| New Caledonia,.....| 20 16 41 S |164 25 32E 
Balagonan Point .......0++.+.e+| Mindanao....,.....| 7 51 ON 1/122 24 OF 
Bald Cape). is sbidedle tte D8. 88] Newfoundland esti:.2i. 51 39 45 N| 55 27 35 W 
Bald Head ....0....8.0.e000044| New Holland.......| 35. 6155 |118 0 45E 
Balambangan Isle ........+.+e.{ Indian Archipelago..| 716 0 N/116 58 OF 
A. | Balasovg 26% Sis fc J... Sowa! INdIAwmewhwobh dus ~+| 21.30,.0 N |, 87, 1 B08 
Bally Isle, S. Point ...... eee! Indian Archipelago . 857 0S 1115 9 OF 
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' Time 
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Coast, Sea, or 


Country. Latitude. Longitude. 


Places. 


Bal RAEntramcesy..:.0........| Greenland: ....3.. 2.| 649° 9° 55”“N |, 51949" 45°W, 

Baltimore Ireland : 27 

Baltimore 1 ates 22 
England .. 9 36 
Scotland 
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Bampton’s Shoal, Centre........ 
Banéa sie? 2... s Indian Archipelago .. 
Banca Isle, N. Point Indian Archipelago .. 
Bancoot R. Entrance i India 
Banda Isle, Anchorage 'Indian Archipelago .. 
Banks’s (Sir J.) Island, Pacific Ocean. ...... 
Bantam 
Barbadoes Island, Bridgetown. .. .| Carribee Isles 
Barbadoes Island ........ oe Sel Pacific Ocean 
Barbary Pomney. 9.502.255... Africa 
Barbas Cape : Africa 
Barbe (St.) Island .. .-| Indian Archipelago .. 
Barbuda Island Carribee Isles 
Barcemmay New vei s..2. 62. oT: Terra Firma 
Barcelona, Mountjoy Tower... 
Barfleur Light 
Barren Island Bay of Bengal 

Mozambique ........ 
Bartholomew (St.) Island Carribee Isles 
Baseelan Island, E. Point Indian Archipelago .. 

.| Chinese Sea 
| Corsica 
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Bayonne 

Bazaruto Isle, N. End Mozambique 

2 AS i ames’s Bay 

Beconia Isle Carribee Isles 
Bedford’s Cape Davis’s Straits ...... 
Bees (St.) Head Light England 
Behringismsle a... ...| 5ea of Kamschatka .. 


Cp Li, Ly hy ha TT Le, hs LS 
bo 


Bembridge Point 

Bencoolen, Fort Marlborough .... 

Benquierre, or Nelson’s Island ...| Coast of Egypt 
PROTEPNOAELIG. 2s. oes es. tees] Norway... 

Bermuda Isle, St. George .......| Atlantic Ocean 

Bernard's (St.) Island ..... Friendly Isles 

Berwick-on-Tweed.............| Scotland........... 
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Billiton, N. W. Point . 

Bird Island eases. 

Bird Island,Centre ............- W. Coast of Africa... 

Bird Island, (Great)....... »---| Se Coast of Africa... 

BPUISEUIE® oo econ cc ccs 2 Sandwich Isles 

Bird’s Isles Gulf of St. Lawrence. 
-| Carribee Sea 

Blanco Cape...... Pecen ses peas Patagonia 

OAS Afvica-sc Peace Deve: 

Blas (St.) og NEBR Florida . 

Block Island, eee esac eeees ...-| United States . 

EICMOMI eee i ow ccc eet Kamoohatlea ively 

Bomba Island ., Barbary eu ee 

Bombay Bigttty.:.,2........-. India 

Bonacio Island, N. E. Point Bay of Honduras. 

Bonaventure Island | U nited States 
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Places. mikes - Latitude. ; Longitude | kali, 

, Bonavista Cape ......008- «.+..{| Newfoundland .... 48°42’ 0”N| 52°56" 0” W i 
Bonavista Island, N. W, Point ..} Cape Verd Islands...} 16 18 My N| 22 50 24 W : 
Boo Isles vein ca 0s +s dseoeees| indian Archipelago ,.} 1 12 0 8 [129 18 0 By | 
BOTee 1s Ae. Sa Lees oe ee os sca oe | BRON ER fa oe a pare 455 0N/114 55 OE | 
Bornholm Island, et aaa Baltic Seay..,..cavih58 18 DNAS OE : 
Boscawen’s Isle. Bee ao tlt Pacific Ocean....... (15 50 0 S iia ee Ow ; 
Boston State Heese ee ee op we United States...:.... 42 20 58 N!} 71 3 25 W111 25! § 
Botany Bay Sarieat vis dicing ee New South Wales ...| 34 0 08 |15114 OE|{8 0 
Botol Tobago, Xima Island...... Pacific Ocean....... 2159 ON{1I21 48 OF | ; 

Bouca Island, N. Point.......... Pacific Ocean....... 5 0 30S {154 35 OE | 
Bounty Gales. POE: SO Ey ta dba id Pacific Ocean ....... 47 44 0S |179 6 OF} 

Bourbon Island, St. Denyse s: .2 6. Indian Ocean .,,....} 20 52 0S | 55 26 80 E 
Bouro Island, Cajeli ee sar ewes Indian Archipelago ..| 3 25 085 }127 0 OE 
Bouton Tsuna, -E. Point ......., Indian Ocean ....... 615 08 }123 15 OF 
Bouton island, Dome .........| Straits of Malacca....; 6 33 ON| 99 20 OE : 
Bouvel’s teland Speed cates begen| Ablaytic Ocean oo. 2 5416 0S 614 OE! | 2 
Bow Island, N. E. Point ........| Pacific Ocean.......}| 18 6 18 § |140 51 15 W: 
Brava Island, S. Point .......... Cape Verd Isles..... 14 46 0 N| 24 46 OW; | F 
Brehat Island 0s. gee sj oges'die ds France ......esees 48 50 ON| 256 OW/7 36 5 
Bremen e, oui ase Be ears a Germany ..... seseal 39 9 0 N1 828 COG 
Brest Observatory ............ Weaece™ oc cig ey tid 48 23 32 N} 4 29 25W!/ 4 30 
broyle Cape iid dais oplipeeaiaas Newfoundland...... 47 8 ON| 5235 OW 
Bruster Ort Lights Ie Pee Se PRESIAY ccc sean 5452 ON| 1955 OF 
Bucarelli Point.........0.. ; N. W. Coast of Amer} 55 12 0 Nj133 25 OW 
Buchan Wess). ocak dobiedgce ef SCOtand ¢ 4 geigide hea 57 30 ON 147 OW/12 0 ¢€ 
Buenos Ayres..... by Sn reg dep Paraguay |. ace kaeg 34 37 0S | 58 24 30 W | 
Burgeo Isles.........20+e002..| Newfoundland ......| 47 35 ON] 57.36 OW | 
Burlings.. &. 2 jrae’s\. De spicieis 62.53) Portugal |. oss ss mene 8925 ON| 931 OW) 3 0 , 
Burning Island..... Sopa ee valk ad Bataan Archipelago ;[: 6 35.0.5 [26 a0 soe | 
Buttacoll, Kodds 5 2.60 be'a-Sbied 5,040 | CEYLON. «4 9 Wee mime 744 ON] 81 52 OF 
ute, OF Lewis cog oa bee eae y Lewis Isles... 3 sa ve ds 58 29 ON| 612 OW 
Button Island. oe sed bocdss beeec | Hudson’s Straits, ..,}.60 35 0 N17 Go 2 ee 
Button Ness Light ......0c0.0..| Scotland ..s,.dsas..] 56 28 ON) 245 OW) 2 0 
Byam Martin Cape.............| Greenland .........| 73 32 0 Nj 77 13 OW 
Byron Cape ¥ ui6 es ieis be pied pues New Holland csa shi 298 38 0S |153.37. OF 
Cabrera Island .i.0a+e0ss0e000s| Mediterranean «.s..,109 7 ON] 3 O OE 
Cadiz ODS... i5.0 ed's eid eRe ods [OPA coseseensedial MO ca UU RREe Sele 
Cagayanes Isles ......0ee0e- Philippines ........| 9 34 ON{1I21 23 OF 
Cagayan Sooloo Island .........|Chinese Sea........} 7 0 ON{II8 36 OF | 
Cagliari....... ena hap cose s PRAIA ys escnkcessp aa 1d 9 Ne ee | a 
Cairo, Janissary Tower .........|Egypt.......... sicp 80 2 Ol NY Ol 1G 36 & . @ 
Calcutta, Fort William .........|India..........000- 22 33 11 N} 88 26 17 Bj | 5] @ 
Callao Port, Castle... <céi ede fOr. cenceseaisensh de & 30 © | €) 1a. caume 
Calmat «+ oo4s os so de SPOWRAEN, os dada don ..| 56 40 30 N| 1621 OF 
Cambing Island,  Polht sds eae’ Indian Archipelago ..| 8 21 08S j125 39 OE | 
Cambayna rer Peak Fares .s..|Indian Archipelago ..| 5 21 0S |122 1 OF 
Camarones River..............| W. Coast of Africa ..) 345 ON] 935 OF 
Campbell Cape ...... AN wdc de [NeW Zealand 4. caaee 41 34 08 117456 O0E|9 30 
Wampeche s,s ace ssl dias vibe odes | Mexico s cians vactadtih& 50 45 DY lye 
Canary Islands, Palma, N. Point .|Canaries ........4. 28 52 30 N| 17 56 OW)\3 O 
Gandia Ws ike sca bee ROM Rea a We erg) 3.) GARGIG a kaa aden 35 18 45 N| 25 18 15 E 
Candinose Cape Y hears Ove eh ss White Sea... oi saae 68 42 ON] 4435 OE 
Candlemas' Isles...... seseees.| Sandwich Land ..... 67° 6 0S Par is OW 
Cansaw Harbour Light . Pe ite ee eS Nova Scotia .......-.| 45 20 ON{| 6058 OW 
Canso, Gut of........ sok e oBes United States....... 45 44 0 N]{ 61 31 OW! 8 30 
Cantin Mapes oti « tys1s') fsicig sale VA ROMUICR 0's 9 nn 0.0 nfs Hab 33 33 ON] 915 OG Wilts 
antl one cic cia ¢ tet eeCHA dns oe «wa Rea | 23° 8 9 NI113 16 646 
Canton Isldndss . 04% essiseu vols oe Chinese Sea.-..:.3.01,15 20 O NUIGD 6 ee 
Capricorn Cape.........6.2:+-| New Holland.......| 23 28 0S 151 15 OE |8 0 

| Caracas, oy ewe aie 50s «nip ob + | Terra Firma......- 10 30 50 N| 67 445 W 
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TABLE XXXV. 


Latitudes and Longitudes of Places, &c. 


Coast, Sea, or 


Places. Country. 


Latitude. | Longitude. 


Cardigan Steeple ..........,..| Wa 52° 4’ 59”’N 
Se ak aaa Indian Ocean.......| 16 25 0 
Cariman...... o a9 op pe 

Carimata Island, “Peak . diay an a 

REOOBT Gi, cigs ch ss spo 99 9 

JO 

Carmen Island, N. Point . 

Carnicobar Island.........+0.. Bay of Bengal 
Carthagena......seeee. Spain....... 
SMUNAEa ce ces chsyonecy.o| Lotta Pitts... 6.5. 
Sede nae Snes es ers,> | Portugal ss ess... ss 
Carysfoot Island...............| Pacific Ocean 

Caskett Lights Dips sain) PRHDCE S52. date Be 
Cat ieee ePOInt co» .4.-.| Latayos 3.0... 5. ; 
Catherine (St.) Island ..........| Brazil............. 
Cayeings sou ony ss .| Guayana........ ag 
Caymen (Great) Island, S. W. Pt. epmed OF OUUR.. Sac0 8. 
Cefalonia Island, N. Point.......| Mediterranean 
Ceicer-de-Mer Piséd . ..«-.| Chinese Sea 

Ceram Island, S. W. Point . ...«.{| Indian Archipelago .. 
Cerigo Island, S. Point. Mediterranean 
Eb ae ee Indian scald pail 
Cette Light.... 

RPRRAMUIE Do otas nuk > a.0 9.9 0 0 an0.4 Barbary 

Chain Island . Pacific Ocean,...... 
Chaleur Bay, leptrance oo ta et ik .| United States 
SETA TS GT i, . 
Chansely Cape (St, Pedro)......| Arabia ............ 
Cihapet Bock .0,.)-........---| Atlantic Ocean... . 
Charles Cape...... Labrador ..2.:6.... 
Charles Cape...... United States 
Charlton Island...... Hudson’s Bay . 
Charleston Light ..... et arog LLmnted Stites $35 .'.'s, 
Chatal Island, N. E. Point. seen ehorenipelago <4. 
Chatham Island, C. Young ,..... Pacific Ocean 
Chatham Island, N. E. Point Pacific Ocean. :..... 
Cheduba Island, N.-W. Point...,| Bay of Bengal...... 
Cickntee. ........... VERNON eis eve so eee 
etre Meat e es o>; - reas + | Pacific Ocoee 
MMI s on pig sas «| CHINA. 350s ele's's'e 0 9 
Christiana Island .,............| Archipelago .. 
Christiana Observatory.........| Norway ..........- 
CGTIstiamEaUG Soe sc ness see ee | NUTWAY o.3 22. e8ee 
Christmas Sound ............+..| Terra del Fuego.... 
Christmas Island .............,| Indian Ocean 
Christmas Island . Soe s see tal Emote Ocealls'. sis 5% 
Christopher’s (St.) A ae Mozambique ...... : 
Christopher’s ‘st Island Carribee Isles....... 
Chulawan Island ...........+..| E. Coast of Africa... 
Churchill Cape. Hudson’s Bay 
Chusan Harbour, Chusan ....... 1 
ROWENTA wag ges ene ne ces os 

IGA MGMIMS cp gress cccee-y- 

Clerke’s Island........++++++..| Sea of Kamschatka . 
Clerke’s Rocks,.......e+++++++| Atlantic Ocean 
Cleveland’s Shoal .........+...| W. Coast of Africa... 
Cloates Island.......... Indian Ocean....... 
UVOMINROR Fes pa es oy ceecyees| SCOANd 2... 
Coast Castle, Cape............| Africa ....... sees 
Coche Island, W. Point....+e++.| Carribee Sea 

Cochin ........ ; ridin 5345 53 3h 5s ccd 2 eee 


2Q2 


4] 
34 
53 
33 
57 
23 
56 

1 
29 
25 
19 
25 
36 
28 
18 
26 
42 
53 
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Places. 


Cocos tisie, «ous a's oles tes chee « 
Cocos Isles, N. Isle........-- 


Cod Cape Light... 


Colambretes Island .. 


Colombo.... 2%. See bleh as 
Columbia, R. Entrance ........ 
Combay Island..... eters thes ohn 
Comfort Cape.. AA 


Comorin Cape .. 
Comoro Island bt oe 
Conception... 


Condore Island, Centre. : se ON 
Constantinople, (St. jae ah. 
Copenhagen, Observatory .. 


Copinsha .., 
Coquimbo..... 


Cork Cove, Quay. 
Corn Island, Great. . 


CubaySt) Jago Gk ii. & 
Cuddalore......... Foils 0G bn 
Culpepper’s Island..... isis claws 
COnWB Rites Oe". 5a 's stake tase os 
Cummin Island..... vie de 0 tie SOLA 
Curagao Island, N. Point........ 


Curreuse Island.... 


Cuxhaven Light 


Danger Isles, Centre .....2.. 


Dantzic... 


Dauphin Fort ....... 
David’s (St.) Head 
David's (St.) Isles... 


.| Indian Ocean 
Codera Cape be, OE WG | 
Coetivy Iskand?3, $Po Ro. 
Coffin; Istatid So. Se¢ 2. Oh. A 


Colnet Caie. 20. se dt i 


.| Denmark 


os She | Chili 
Corfu Island, Town ........006% 
Coringa Bay, Gordeware Point... 


e@eeeceeeeee sve 


Curriacou Island Og, ten 


e@eteeeeeseeveee 


Dassen Island, Centre....... 


.| Wales 


ee ef eee 


TABLE XXXV. 


Coast, Sea, or 
Country. 


ee 


Indian Ocean ..secee 


United States....... 


-| Terra Firma... .. ... 


Indian Ocean....... 
Mozambique 


eceeveee 


.| Mediterranean ....... 
.| New Caledonia...... 


Ceylon 3. sree p ia Sia). 
N. W. Coast of Amer. 


.| Indian Archipelago .. 


Greenland .... 
anya ith mmeveit 


Indian Archipelago .. 
Turkey in Europe... 
Orkney Islands ..... 
Mediterranean, ; ; Ne iy 
India .. 
freland 'so4 satin ghana s 
Carribean Sea .¢.... 


Cornwallis Group........ Nt Pacihc OCEAN 6 excl)» 
Coronation Cape ....... New Caledonia ..... 
Corrientes Capes. 0.6. Oe. Uese Paraguay ‘ivan snes .s 
Corrientes Cape....... oS, #2. #3] E. Coast. of Wace wt 
Corrientes Cape........ Mexico ... 0:0 0.09%.00 
Corse Wape Mo. 3550S.) Fh s | COSC « 54 ciate aieale 
Comiitia *. 62). iden | Mee She Sold S/O PSiD wns «vs a ebile es 
Corvo Island, S. Point Go0E. BS, CSA TOTES Seems etal 
Cosmeledo Isles ee Se PRES Indian Ocean....... 
Cozumbe Isle, S. Point .........| Bay of Honduras .... 
Crescent Island .... e\ePaci fie Oceans nels 
Cromer Light..... bd .| England...... 5 Be io an ba 
Cronstadt 0.08.64 G8. ig liktussia in sap Biya 
Crooked Island, W. End .... Lucayos ..... 

| Croque Harbour ........ Newfoundland. of pms 


CDSs ics gis et a 58 eo 


. India.s.<s ereeel coe 


Gallapagos Isles..... 
elra FATMG.i\e% sicie se 
AS ee ede teks ate 
Carribee Sea ... 
Indian Ocean....... 
Carribee Isles . ... es. 
Germany . 


© @ ee es 


Pacific Ocean. ......« 


of PUSS Ia ce ty ohetacanete tars 


5A SW CoB ot Aedes 


Madagascar ... 


Pacifie Ocean...... 


Davis’s Inlet, Entrance ......... Labrador. f°. 0 e's. 
DealiCastle ...0..65.8 hit FUOPANC 6 fics ox e,s pir 
De Basjisland Gs ./.i4 oh.c.. seid} France’ snc sph +68 

Dd Galle Boint, . i. vp «ne a4] Ceylon 25) Os 
De Gratt Cape. .Jece.seeecsees Newfoundland ...... 


De la Estaca Point 


ee Ce ee Soe ee © 


Latitude. 


3° 6’ 


51 


Latitudes and Longitudes of Places, &c. 


AQ 45 
3 0 
35 54 
14 0 
30 0 
56 0 
30 0 
57° *0 
19wG 
49 0 
55 0 
5 0 
32 0 
49 10 
40 0 
0 16 
40 53 
06 0 
54 40 
38 5 
48 0 
48 10 
13 0 
37 (0 
5° 0 
0 0 
7 30 
25 30 
3.0 
23 30 
40 45 
45 0 
tt 
20 29 
95 30 
59 26 
48 0 
3° (0 
57 20 
43 23 
40 0 
27 37 
40 0 
24 0 
10. 0 
30. 0 
53 (0 
51 0 
20 48 
26 0 
15-0 
54 30 
55 0 
48 0 
13-5 
46.15 
1.0 
40. 0 


0” N 
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Longitude. 


95°12’ 
97 4 


Time 
H. W. 


0”E 


— OO m Co CO & OO (Se) oo wore ae a : me oO 
wee Ssooonwoeuscecoceanteooec eS SSOCrernnevneoe ce cocwo4 
Heese seh sess e sets st eh sehr eee sett seme sSP rere 
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TABLE XXXV. 
Latitudes and Longitudes of Places, &c: 


PEED AM y Yue 


"229 | 


Time |. 
H.W. 


32° 56’ OYE | 5 45] § 


: Coast, Sea, or oF Pan Oe 
| Places. C ountiy: Latitude. Longitude. 
fi | Delagoa B. Cape Colatto........| E. Coast of Africa ...| 26° 4!-.07S 
)§ | Dela Vela Cape...........+...| Terra’Firma.....0..) 12 11. 0N] 72 15 OW 
i | Delgado Cape, Extreme ........| E. Coast of Africa ...] 10 41 0S | 40 35. 0 E 
Delos Islands, Factory .........| Senegambia........] 9 22. 0N] 13 32. 0W 
B | Denbigh Cape......-.+.005...| Behring’s Straits ....| 64 17. 0N |161 53 0 W 
Deseada Island, N. E. Point......| Carribee Isles .....,{ 16 20. 0 Nj] 61 50 OW 
'B | Desert Isles ..........+200.-..| Indian Ocean.:...../48:5:0S-| 48 0 OF 
Desolation Cape ..............| Greenland’.....:....| 60 58 ON} 49 0 OW 
f | Desolation Cape ..............| Terra del Fuego.....| 94.55 0S | 71 42 OW 
sj | Despair Cape..........e+++...| United States.......| 48 27.0 N | 63 57.0 W 
De Tierra Island .........+....| Pacific Ocean.......| 33 45. 0S | 78 51 13 W 
j | Devil’s Isles, Plantain Isle .......| Guayana...........| 5 27. O-N | $2 34.0 W 
Devils BOCES, «oes 6 ae v0 oc. es. | Atlantic Ocean's [97746 29 7.0.N,] 13, - 9.0; W 
i | Dezertos, S. Point.............| Atlantic Ocean .....| 32.28 -.0,N | '16.31..0, W 
f | Diamond Island ...............| Bay of Bengal ......] 15.52 0N] 9419 OF 
Diego Garcia Island ...........| Indian Ocean.......| 7 20 0S | 72 28 OE 
Diego Ramirez Isles ......+....| Terra del Fuego.....| 56 27 0S | 68 36 0 W 
Dieu Island, W. Point..........| France ...... weeee.| 46 42 26 N]| > 2 19 50 W 
H | Diggis Cape .....++.+.0.++...| Hudson’s Bay :.....| 62.41. 0 N | 78 49 45. W 
Direction Island........++++...| Indian Archipelago..| 015 0 N {10810 OE 
1 | Disappointment Cape ..........] South Georgia ....../ 54 58 0S | 3615 OW 
i | Disappointment Island .........| Pacific Ocean ......| 9 57 0S {167 0 OF 
q | Disappointment Isles...........| Pacific Ocean ..,...| 14 7 0S |141 22 0 W 
i | Disco Island, Leifle Bay ........| Baffin’s Bay........| 69 10 0 N | 5440 0 W 
f | Discord Cape ........2++.+.-.| Greenland .......-.| 60 27 ON | 43 20 0W 
f | Domar Island.........+++.+.2.| Indian Archipelago ..| 245 ON /105 27 OE 
Domesness Lights..........+..| Prussia.....+.+02..| 07 46 30 N.| 22 30 OF 
Domingo (St.) .....e+eee+es+.+| St. Domingo .......| 18 29 0 N¢ 69 59 30 W 
f | Dominica Island, Roseau........| Carribee Isles ......{ 15 18 23 N | 61 22 5. W 
By) Domdire; Heads oe. 5.025... 000) Ceylon esc s'es ses ol 5655.30 -N-) 80443 0,8 
# | Dondrekin Island, S. Point ......| Indian Archipelago ..| 0 54 0S j117 36 OF 
f | Dover Castle, N. Turret.........| England...........| 51.-7.47.N]..1.19 7.E 
SOD OMENS Gb aide soo. s0 os. | NOTWAY osice ence ees 63.25 50 N | 10 23 25 E 
s | Dublim/Observatory............| Ireland .....,..2... 53.23.18 N| 6 21 30. W 
H | Ducies Island, N. E. End .......] Pacific Ocean ...... 24 40 20 S |124 46 0 W 
H | Duke of York’s Island .........] Pacific Ocean ......| 8 41 0S [173 24 45 W 
DOGTNIEG an ols cle 3) b> oo. 6 vee oa-e POCOLANA oon es sees | 96228 ON 4. 2.9812 W, 
OEP MPMOMRTIEISS oi w lela’ vp 0 6.05 oe | FIANCE os cece cee c| Dive Qo. IN|. 2.22 37bes 
f | Dunmore Head, Light..........] Ireland............| 52. 6 39 N| 10 31 0 W 
H | Dunnose,.....seeeeeeeeceeees| Isle of Wight.......| 50 37.7 N}. 111.36 W 
Durours Island ....+.0++.e+ee.| Louiseade Isles .....| 117 0S {143 30 OF 
f | Dwalder Isle ..+.0ee+eee.+ ee} Indian Archipelago..] 412 0S {116 21 OF 
SOP EGOTEMOUGS ise obis ole $e « osveics| Baltic Séa .ieesese | OOD ON. IB D508 
H | East Cape «..eeesse+seeeeeeee| Madapascar...,-.-.) 15:14. 0S | 80 26 OF 
East Cape ..ceceessess.. oowse| New Zealand. ..+..0! 37 44-25 S.(178).58>) O24 
i | Easter Island, Centre ......++..| Pacific Ocean......-| 27. 9 33 S {109 25 20 W 
Be eDN He, Utrance 666020. cecees] SPA ceccesicovcces 40 42. 0N]|. 057 OF 
| | Eddystone Island.....++..++...| Solomon Isles ......] 8 18 0S [156 30 53 E 
f | Eddystone Light ..............| England.........-.| 50:10 55 N| 415 3 W 
| | Edgecumbe Cape .........+.+..] N. W. Coast of Amer.| 57° 2-0 N {135.50 15 W 
Sy) Beeb Wiland 36). 2-2 606 ee see one] Lucayos ..,.2ece0s| 29°31) 5° N [1976 (525.45 (W 
BL Arise Port)... 02.0! oles 0] Egypt... sececccen-| Sl’ 5°30°N {+33 49°25.8 
i | Elba Island, Porto Ferrajo ......| Mediterranean ......| 42 49 6 N} 1019 35 E 
@ | Eleuthera Island, Powel’s Point ..| Lucayos..........-| 2437 ON|76 9 OW 
Elizabeth Cape ......+..+-+00+| Sachalins.....,.2++| 54 24 30 N 1142 46 30: E 
f | El Mellah Cape... .. 22.20. .0:e+| Barbary .......0---| SL 57° 5 N 4-25 2: 0B 
ipipette se bdr. . Vn dle o cleo cle od]: Denmark (...¢¢e004] D6°° 2°17) N}- 12 3B ict Qentg 
Emden. Setereerersesesesees Germany . ree 45 22 3°N 7:12 1 E 


ll 15 
2 15 
9 30 
2 15 
ll 43 


TABLE XXXYV. 


Latitudes and Longitudes of Places, &c. 


Coast, Sea, or 


Country. Latitude. Longitude. 


Places, 


170° 4 O”E 
145 11 OE | 9 30 


~ 


s F Enatam [sland 628s. 6g oe ....'| New Hebrides 

| | Endeavour River, Entrance New Holland.. 
Engano Island Indian Ocean..,,... 
Koaa Island Friendly Isles 
Epiphanes (St.) Cape Cyp 

Erromanga Isle, Traitor’s hd. ....| New Hebrides 
Espichdl Oape' ts oaecds de dooce Portugal .... 4% 
Espiritu Santo ...... Gs BS hs ees OPazily 6 a ae ie 
Esquimaux Isles Labrador 

Estaing Bay Sachalin 

Eustatia (St.) Island, Road 

SIVOULS PEICI dies bee ys es he > ods Terra del Fuego 
Exuma Island, N. W. Point Lucayos 
Eye Island ... pecs ewes caveces Indian Archipelago ,. 


ooo 


[eoonwneoocosoucoucoocoqcoeoqoococococwcm6hwO Ccoonmnoooecocreocooocc.c 
G9 Go 
aaococ 


a 
ARNXOOS 


Fago Island ..... By Se Saks ais Newfoundland ...... 

Fair Forelaua . cs sive sa oe ae as Spitzbergen ..4,..4.. 

Fair Island.,.... Sg ee ....{ Orkney Islands 

Fairweather Cape Patagonia ...... pire! 

Falkland Isles, Port Egmont .....| Atlantic Ocean 

False Cage 23. 0b. sah sce » »....| HE. Coast of Africa... 

Fano Island, W. Point Mediterranean 

Farewell Cape......se0- »-...| Greenland 

Farewell Cape 

Farillon Island Lacrones "Ne ots v 
Baltic Sea 


or 


Fartash Cape .., 
Fatsisio Island Japan Isles. ...,..5. 
Fayal Island, Horta AZOreS'.. esse. y's! 
t ' Felicuri Island Mediterranean ‘ 
ONE Oe ai CONG Go Bee aS Pacific Ocean.......; 
Ferder Light Norway 
Fernando Noronho Island Peak...| Atlantic Ocean...... 
Fernando Po Island, N.E, Point ..| Atlantic Ocean 
Ferro Isle, N. End Canary Isles 


Go 


= bo : 
SO oS SaaS Scio oo Soro: Oo OO oo 


(ou) 


Finisterre Cape 

Fiorenza (St.) 

Fish Bay, N. Point 

Flamborough Head 

Flatholm Light 

Flattery Cape 

Florence Observatory .......... 

Flores Island Pt. Delgada Dew cite iets 2 sie 
Flores Island, N. E. Point Indian Archipelago .. 
Florida Cape . POPIGs SF os wee cag 
FIUSHING’. § oases + a6 Netherlands 

Foggy Island ..... see N. W. Coast of Amer. 
Fogo Island, Middle ...........| Cape Verd Isles..... 
Foreland (N.) Light England ...... rete 
Formentera, W. Point .. Mediterranean 
Formigas or Ants. . 2.5% sis 0.0. >] AZOTES ¢ 

Formigues Island..... eet ie ate ie Mediterranean ...... 
Formosa, R. Entrance ...... ....| W. Coast of Africa... 
Formosa Island, N. EF. Point Chinese Sea 
Fortaventura Island,S.W.Point....| Canaries 

Foul Point ....... pe Peed 9 Madagascar 

Foulness England ..... ones e's 
Foulweather Cape N. W. Coast of Amer. 
Frangois Cape, Town St. Domingo........ 
PRADCIS (DL) CAG ss oa. o's .o.5.0¢5 Newfoundland 


Pay 


bo OO 
omoovcoecocecoonocooouoauc”oeus 
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oO wae 
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TABLE XXXV. 231. 


Latitudes and Longitudes of Places, &c, 


| i 
Places. pi Sea, or Latitude. Longitude. Time 
ountry. H. : 
Francisco (St.) Cape........... BO oie waa viele iedreyin 0°40’ -0”’N | 79°53’ 0” W 
Francisco (St.) Port............ New Albion........ 37 48 30 Nj122 8 OW|11 25] § 
Frangois (Old) Cape ........... St. Domingo-..2.... 19 40 30 N; 70 115 W ; 
PRCORMGRSNOM as, os ee ee pees Gulf of Finland ..... 60 30 ON] 27 25 OF : 
PREGETICONStAGL sus. 5.2.se00ee. Norway .:.... eee eds bene No Lipa’) eee H 
reel ORME 20%. si bea ois ws’ s Newfoundland......| 49 34 0N/]53 0 OW ; 
Wrenel Cape, Light............; Frahnee ..... eee ot 48 41 10 N| 2 18 36 W! 6 : 
oe ha Pranee's vt eyes yb sel 43 25 52 N| 6 44 9E ; 
i ee Brawl se sic scl a ae 23 418 8) 48°83 ow 
Punon Qdensee ...,..5.5«%i.>. Date Beas: a ss gs jo 24 OM) 10-22 0 Ba f 
Furneaux Island,.....,...++.;. Pacific Ocean. .....| 17 11 0S |143 6 40 w| 1 2 
Furneaux Isles, Southern........ Coast of New Holland} 40 34 0S |148 10 UE : 13 
EraGey 1stANG)s 4 254 55}. sess >> Indian Archipelago ..| 0 6 OS |126 24 OE | 
Gael Hawkes Pay = LS A Greenland .........|75 0 ON] 651 OW ' 
 }eralega Shoal ...5.4..5 0.003.3. Indian Ocean ....... 10 25 08 | 56 38 OF I 
B UMsRlina BOM ie. als os hae ap ose s DENIC ' o's ss’. ool Lao OU 7G. Sec NN i 
Galita Island, Centre ..,........ Mediterranean ...... 37 32 30 N} 855 OE i 
Galleta Island....... ky pe ee Coast of Egypt...... Sli 6 0 N{ 27 20.40 i 
Gambia, River..... Eigien wale’, 2 RIMCA secs ac a ees 13 28 ON| 1635 OW ; 
Gambier Island................| Pacifie Ocean....... 23 18 23 S |134 54 0 W 
Gardafui Cape,Extreme....... ..| E. Coast of Africa...| 11 41 0 NJ] 5112 OF» ; 
Sraspar 1sleae 54% 05505.55 2st Indian Archipelago .,j| 2 25 30S 107 6 OE Hi 
Gaspee Bay .......;. Bie aio SA COMAGG 63 5. ss ye Sana 48 47 30 N| 64 97 15 W) 1 | § 
Gasses Island, S. eae Indian Archipelago ..) 1 41 0S '128 20 0€ | 
Gebel Tor Island ..........000, Red Sea.i.... ‘5. 23) 10,80 0 N |] 49° 9 0.8 : 
Senos LAGhe 5055p se sess Mtg ass ai decades 4424 0N!| 854 UE 
Eraarge Cape .. 5.05 assesses South Georelf 21 220; 5417 0S |} 36 32 30 W a: 
George (St.) Cape............. New Ireland........| 4 51 17 S |152 48 55 F ig 
George (St.) Island, S, E. Point ..| Azores ............ 38 29 25 N| 27 51 OW if 
George Town, Light...,........| United States....... 38 55 0N|77 6 OW! 6 40| 5 
Sreorge TOWN s. 2% 5045+ +-%-55,| Ot. John’s Isle ...... 46 14 0 N| 62 20 Sad i 
Georgia (S.) Island, C. Disapp....| Atlantic Ocean......| 54 58 0S | 3615 0 W! i 
Georgia (S.) Island, N. Cape ....| Atlantic Ocean...... d4 445 S| 3815 OW ; 
Gibraltar, Huropa Point,........|Spain ...........%. 36. 640 N] 5 21 45 W112 ‘ 
Gillolo Island, Osser ........... Indian Archipelago ..|. 9 45 0 N {128 22 OE 
EEL, 2) a a ...1W. Coast of Frauce..| 47 44 30 N| 4 0 20W 
Gloucester Cape,Top........... Terra del Fuego..... 54 30 0S | 73 130W 
Gloucester Island,N, E. Point ...| Pacific Ocean...... .| 19 7 40 S {140 38 OW 
Glover’s Reef, N. Point.........|Bay of Honduras....| 16 49 0 N| 87 36 OW 
Koa, Algoada Point ............ Tadia i. 44S e es yaks 15 29 30 N| 73 53 30E | 4 
BJGHG ESIBAUA yw seis o4 Ais b's sons Philippine Isles ..... 13 52 0N/120 6 OF 
OES OP rs te ee Greenladds..54 2.54. 6410 ON| 51 48 OW 
Gomera Island, Port............ GCABArieSs iti .s.caes 28 540 N| 17.7.0 w | 
Good Hope Cape,Extreme Point .| New Guinea........ 0 20 0S |132 81 OE 
Good Hope Cape,Flagstaff ..... S. Coast of Africa ...| 84 22 40 S | 18 24 15E] 3 
Be OWN cin ise eens case S. Coast of Africa ...} 83 55 15 S| 18 20 30 E | 2 
Goonong Apee Island, Peak ..... Indian Archipelago ..| 8 11 0S {119 5 OE 
Gordewar Point ........00s05e. dadiag sss. sists do's 16 48 0 N} 82 24 OE 
Goram Island....... ste eg a atic Indian Archipelago ..) 4 9 OS {131 34 OE 
Gore Island ......+...-- ghee 6 Sea of Kamschatka..| 60 17 0 N {172 30 45 W 
Goree Island, ay, House.......| W. Coast of Africa...| 14 39 34 N| 17 25 OW) 1 
Gorgona UMA ood pe Seale ..»| Mediterranean ...... (43 25 46 N| 9 53 10E 
Gorgona Island ....-...- hs at's! 2 Pacific Ocean..4....| 253 ON] 78 615 W 
CE er i sae oO WRGRD. non 504608 ..| 57 41 18 N} 11 54 33 E 
Gottland, N. E. End . - ves 4] Daltic Sea.+ on 4% even ewOl ON de EO cee 0D 
Gough’s Island banish once vee ape enlantic Qeean.s..,.) 40.18. 05 942 OW 
Gough’s Rocks.......-.+.. «0s -| Atlantic Ocean......| 40 25 O Nj 33 0 OW 
Gower Cape.......... » vias <n CHAR oe eiaiccb ons oe (80,07. O N1122 19. OF 
SSGZA, , WOU weeny vewscnes ...! Mediterranean ...... 34 35 O N| 24 20 OF 
ON] 8245 OW 


Gracias-a-Dios Cape ......-+-+ «| Mexico,....4 verieant) 14.56 3 
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Graciosa Island, Santa Cruz .... | 


Grampus Isles....... D> ek Pacific Ocean 


Greenwich Observatory..... «+. 
Grenada Island, Fort Royal.... 
Grenville’s Inlet.......+... 20. 
j Grim Cape 
| Groais Island, N. End 
Groote Island, Central Hill...... 
Guadalcanal Island, C. Esper .... 
Guadaloupe Island 
Guadaloupe Island, Basseterre ... 
Guam Island, Umatai B. Castle .. 
-Guascama Point 
Guayaquil 
Guernsey Telands St. Pierre 


Hackluyt’s Head ........4.. 
Hague ..... Rielelore Sa ie 6 Br clots ofe 
Haulin Island, W. Point 

Halifax .. 
Hamburgh Observ atory . 
Hammerfest ....... as Oe ete e 46 
Hammond's Rock . 
Hangcliff ..... Siiisete o's oe om 535 
Elanowl slattdiee ss viv isten c ateincis euthe 
Hanover (New) Island S. W. Pt.. 
Hapae, N. Point 

Harbour Island, N. Point 

Elarlern gute cas. Stele eist < dia siete cose 
Harlem’s Bay, Mondoza Island . 
Harvey’s Island ........-..-. te 
Haselo Island. .... Py Si ES 2 SiR a 
Hastings’ Island .......-ss.e.- 
Hatteras Cape 

Havanah, Moro ..... 


.; @arolines .. 


Helena iS) tala. James Town 
Helen’s Shoal a 
Heligoland Island Light: 

Helvoetsluys 2 tite, debi. et .-.-.| Netherlands ., 


Henry ard Kenery Isles .... 
Heurietta Cape 

Henlopen ....... 

Henry Cape Light. .... 
Hermogenes (St.) Island. 
Hesseloe Island. 
Hinchinbrook Cape. iF 
Hogland Island Light wives divs dete 
Hogsties Isles, E. Isle .......- 
Hola: .. 

Holy Island, Castle 

Holyhead Mount, Sig. Staff 
Honfleur Light 


Hood’s (Lord) Pada: ie ‘v fh ae Pacific Ocean 


Hope Island 
Horn Cape 
Howe’s (Lord) Island 


Huahine Island, Owharree Bay .. 


.-| Carribee Isles 


.| Atlantic Ocean.... 


.' Atiantic Ocean 


Coast, Sea, or 
Country, 

Pa! belt 6 

England 28 39 

De 
E. Florida 16 47 
Van Dieman’s Land.. 4) 
Newfoundland f 0 
New Holland hd 
Solomon Isles 31 
Pacific Ocean 53 
Carribee Sea 59 
Pacific Ocean..... 28 
Terra Firma 29 
1] 
ts) 


-| Spitzbergen . 46 


Netherlands 


Germany 
Norway 


Shetland Isles 


Friendly Isles 
Lucayos 

Netherlands 

GOWIA oc cee % 

Bs cific Ocean 
Cattegat 

Indian Archipelago .. 
United States...... 3 


ise) i DOO 
Soaoonocooceco rn 


Iceland 
Indian Archipelago .. 
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. | Indian Ocean 


Hudson’s Bay 
United States 


.| United States 


N. W. Coast of Amer. 
Denmark 


.| N. W. Coast of Amer. 


Gulf of Finland 


..| Lucayos 
.| Iceland , 


England 20 
England 3 8 woh 
13 


Spitzbergen . 30 
Terra del Fuego 25 48 30 
Pacific Ocean 31 30 
Pacific Ocean 16 42 46 
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Country. H.W. 


Hunter’s Islands Van Dieman’s Land..}; 40°24’ 0”S |144°41’ om 
Hurst Lights......... dos ...| England ee > 42 23 N| 1 32 46 
ST Te eS i Ben imark: <5 sett oe 48 N 9 ms ea 


0) oo ee ..2.|N. W. Coast of Amer. 
Ildefonzo (St.) Isle .| Terra del Fuego 
Inague (Great) Island, W. End .. : heeatos atte hs 
Inverness ......... é Scotland . 
Isle of Pines New Caledonia eres 
Ives rot? 


42 
18 
3 47 
1] 
34 
28 
29 


C2 bo se) 
wooo So oS 
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16 
44 
3 3l 
14 
9 11 
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Jago (St.) Island, Porto Praya ...| Cape Verd Isles..... 

Jarra Island Straits of Malacca... 

Java Head : 

Jean de Luz (St.) ..... Bees: 

Jedo (Niphon Island) 

Jersey Island, St. Aubin British Channel 

Jervis Island Torres Strait 

Jesso Island, Cape Euroen Japan Sea 

Jesus Island Friendly Isles 
Comoro Isles 

John’s (St.) River, Entrance MAAS, ciicace vce’ 

John’s (St.) Fort Newfoundland ..... 

John’s (St.) Island, East Cape ...| Carribee Isles....... 

John de Nova Isles Indian Ocean 

Johnston’s Isles Pacific Ocean 

Jones’s Cape Hudson’s Bay 

Joseph (St.)....6.-. ae Sanaa California 

Dostia Kock wiv. 2) .,.. OM nn Ee Atlantic Ocean... 

Duan (St. Capes. 0s. ol ie tl Staten Land........ 

Onan Baptista (St.) 04... 0.0... Pacific Ocean 

Juan de Nova, Centre Mozambique 

Juan Fernandez Island........ ..! Pacific Ocean 

Julian (St.) Port..... Patagonia.... 
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Kalatoa Island .. --.| Indian Archipelago .. 
Kamschatkoi Ness . Kamschatka........ 
Karack Island, Flagstaff Gulf of Persia.s..... 
Kent’s Group New Holland 

Keppel Bay New South Wales... 
Keppel’s Island Friendly Isles....... 
Kerguelan’s Land,-Christ. Harb.. i Indian Ocean .’ 
King’s Island, North Point i 

King George’s Sound 

Kingston. 

Kilda (St)... 2.20025 F 

Kinnaird’s Head 

Kinsale, Light 

BIQGO eae bee cece csies a SO 

Koskar Light........... be. SH. 
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Koll Light .. 

Konigsberg...... . 

TOVGOP AHP c ace sccie ecole. oes. p Denmark sdmosee avi 
Kuisin, South End . o...ee.{dapan. Isles 

Kurile Isles, North End. 7 sidane Pacific Ocean 
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j Laccadive Isles, N. W. Point ....| Indian Ocean 
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Latitudes and Longitudes of Places, &c, 


Coast, Sea, or 


Country. Latitude. 


Places. 


“Ladrone Island CUTESt) sip as ss sie) WORE Oa ssc 5 o5.2| SL? S7* ON 1113942" 
‘ Lagoon Island eer apei race Ocean 
ELambaries$ ....,-s--eseossep se} snetiand isles; 50 48 
; eaegaee eae Rete ss o> of OWROED 5 52 
seg ; & England 4 
Landsorbe Tie, cule aces ti a3 0's -| Sweden 43 
Langle Bay . vee ceeeeessepeace 48 & 
Lati Island... 5..eseccers oe cey of Pil y 54 
: Lawrence (St.) eee os sons Sing 5 | Sea of Kanisthatka . ‘ 47 
"Lawrence (St.) Isle ......,.2..+| Indian Ocean. 35 
‘Lede Cape, N, xtreme :.. +ane of AiChs | ose es coe y ep 46 
A\yeLeetora eee es ts cbs cols Derek re af SURE See eee Gn ties 3 33 
} | Lekeyo, North End. .-| Chinese Sea..., 52 
: Le Memes Reef : i 20 
y | Lemma Island (Great) Cenire:. .| Chinese Sea ...... rite 2 
: | Lemnos Island.........-.+-+se.| Archipelago ... 54 
i | Lepanto .......6. ....+ | Turkey in Europe ...| 38 16 
| | Lessoe Island, East End. Ln ea ae eLecameent Mes) 
7 ; Lew Chew Island (Great) .. .| Chinese Sea 14 
: | RADAW SE eats ee Bee piety eee So @ourland 22 oe" yeipy 31 
i yi 12.3 
: Wiatorick Saeko acre ea aceair = 42 
S eLancoln (Staged. sve cs ss), «eee! Chinese Sea 16 4) 
| Lindesnes Light Norway a7 7 
Lingin Island, South E. Point .,..}/Indian Archipelago .. 21 
dion’s Bank '}.\...5.,. Siche RAES ...| Aulantic Ocean 40 
Lipari Island, Castle re Mediterranean 28 
Lisbon Observatory ............| Portugal 42 
Lisburne Gape's ...o.. <5 » .-+--| N. W. Coast of Amer.} 69 5 
Lissa Island, South Point Gulf of Venice , 3 3 
Lissamatula Island, S. E. Point... a 46 
Liverpool (St. Pauley sss. 32 sey 24 
Bazar NV. inelte, 4", cess gis's ---/E 57 
Loango River, Entrance «.......| W. Coast of Africa .. 39 
Lomblen Island, H. Peak..... «--| Indian Archipelago .. 12 
Lombock Island, Peak.......... Indian Archipelago .. 21 
London (New) Light United States....... 21 
London, St. James’s Ch., Piccadilly] England......... i 30 
: pot, Paul's eee won ...{ England ., 30 
| Long Island, E. Point Light......] United States 
7 | Long Island, S. E. Point Lucayos hy 52 
Lopatka Cape....... eseeees ee} Kamschatka 
Lorenzo, (St.) Cape. 
L’ Orient bees bb ass oe oT rane 
Louisburg .»--| Cape Breton Isle .... 
Loyalty Isles seeeee-+| New Caledonia .,... 
Syisbeck Ine OA. Wace peeks Indian Archipelago .. 
Lucas (St.) Cape... California 
Lucia Island (St.) Careenage ....| Carribee Isles. ... 
Lucipara Island ........+..+.+..| Indian Archipelago .. 
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PASOBO AES. eo ee Team et oes of OOINA oer yee ae 
Macassar : Welebes ts ih eee 
Macauley Island, W. Point . ots Pacific Ocean 

Macclesfield Bank, N. E. Side....} Chinese Sea ...... <. 

Macri Cape Turkey in Europe ... 
Madeira Island, Putiohat:! oso.) Atlantic Ocean: 2.22. 
Madeira !sland, East Point, Indian Archipelago... 
Madras, Flagstaff . ..| India 

Magadoxa E. Coast of Africa .. 
Magdalen Isles, S. End.........{ Gulf of St. Lawrence.| 47 11 
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TABLE XXXV. 


Latitudes and Longitudes of Places, &c. 


a ee Se a me a ee 


Coast, Sea, or 


Places. Country. Latitude 
Mahe Isles, St. Anne’s Island....| Indian Ocean :....] 4935’ 0”S 
Mahon , Cape Mola,.........00- EBORCR see oan ov ol 10 N 
Mahouns isfend = 2".". .- Bye Sh caso Pacific Ocean ....... 14 21 08 
emer CMM erat o's, cis bes sc | UU) is oop cscs ce te 20 16 40 N 
NMI oo clone a af | UIs ss oon sts ne 212 ON 
DUnlaMeNaRPPUel fe cp aise tess] OPA yess sees es oe 36 42 18 N 
Maldives Isles, N. W. Point ..... Indian Ocean....... Jo 0 1 OUN 
Maldives Isles, S. KE. Point.......| Indian Ocean....... 036 08 
Malespina Cape oA BAD BeeeO Be cs eer a 43 42 15 N 
Mallicolo Island, Port Sandwich . New Hebrides ...... 16 25 20 8 
Malta Island, Valetta Obs. . WP Mfeditertarean eA Gard OLIN 
: Mancap flame BL ee! Indian Archipelago ..| 3 1 08S 
Mandarine’s Cap island. ee vamese’ Sea. 21°28 0.N 
Or TS An Ae Philippine Isles .....] 14 36 8 .N 
Mansfelt Island, N. End....... 2. |S udson’s Bay.) a+. +s 62 38 30 N 
Maouna Island, Massacre Cove. -, Friendly Slee oe ais pa) 14 20 45 § 
Marabia Reef, W. Point oe ho ped eles pga ied 1911 ON 
MiataGeyoG)u. sts s5 >.> ¢> +d 59>). 7a Firma .. 5; Past mOree . 0 dv 
Maragalong Isles..............| Indian Archipelago ..| 3 41 0S 
Marble Island ..i.i4...--.s Hudson’s Bay iit... 62 33 ON 
Margarita Island, Cape Isla...... HOarribes Séa 32.25, 11,40..0 N 
EET? Cl Ga Sa ee ..; Pacific Ocean, .....| 4 19 30 N 
Marigalante Island, S. Point ..... Carribee Isles....... 15 51 ON 
Mariguana Island, S. W. Point...| Lucayos ........... 22 22 30 N 
Marikan Island, N. End ........ Kurile Isles ........ 4710 ON 
Maritimo Island, Castle.........| Mediterranean ......| 38 3 29 N 
Marseilles Observatory .........} France ...,.,...... 43 17 49 N 
Marstrand Island, Light.........| Sweden ........... 97 63.11 N 
MOE Rak ois aa + 06 > 4 Terra Firma,....00%|. 11,19 34.N 
Martin (Si.) iiiiad, N. W. Point... .| Carribee Isles.......| 18 4 26 N 
Martinico Island, Fort Royal. ....|Carribee Isles....... 14 35 49 N 
Martin Vas Rocks ast. us «sere Aulanlic Oceans. .u. 20 29 30 S 
MPI? (est,) CANO soy. ets ae aoe [italy co canne iv'baees!| 89.47 30 N 
Mary (St.) Island, Town ........} Azores ........-...| 36 57 40 N 
Mlasaiueraisiiun ..,.....-..s+.) Pacific Ocean. sis. 33 45 30S 
Masulipatam ..........++++++./India .............| 16 11 ON 
Matapan Cape .......eeceseee. Furkey:1 in Europe  «s|. 06 22 .58..N 
Matelota Isles, Largest..........| Pacific Ocean....... BZ 0 
Matthew’s (St.) Island..........{Atlantic Ocean......| 155 05S 
Mauritius Island, Port Lewis .....| Indian Ocean.......| 20 9458S 
May Ca0@ fase ods pe-esysee-s>-| United States......% 38 56 46 N 
May Island, Light ..........+-. SCOLAB * ais rersivs o'% 8 56 11 22 N 
Mayen’s (John) Island Sa dg ooh A LIPPRDIANG cass: shi ghee, 20, N 
Mayo Island, S. Point .......+..|Cape Verd Isles.....| 15 6 42 N 
Meme) 256. ec ccecercece ce one of Russia in Europe...,| 9) 42 15 N 
Mendocino Cape........++-+..|N. W. Coast of Amer.| 40 29 0 N 
Meroe Island ,.........+«-+a-.| Bay of Bengal......| 7 29 ON 
Messina Light .........++.+.+.j Sicily ........+++4,/ 38 11 30 .N 
en a. ots of PUGKICD 0 ss painers dinuia hide oO. 40, N 
Miatea Island. eee Pees ac Pavie Dean... 17 52 20 8 
Michael’s (St.) Island, E, Point...) Azores .....0.e+e..| 37 48 15 N 
Middle Island, S. W. Point be o> POMNCSS SEZ ..0e spegicroe(D0.. 0.5 
Middleton’s Shoals.....-++++++- Pacific Ocean....,.5 2918 OS 
Milo Island, Port....,.+.+.+...|Archipelago ........| 36 42 30 N 
BAINGO0AD tebe ben ue > sees .| Philippine Isles .....| 710 ON 
Mindora Island, Calavite Point . ey Buen: oF Isles...» -|.49 27 0 N 
PAGO MO ER WNG obs boc res 0 os v0 od LOTIGR 2.5 oe. pevtelame. 20. ON 
UOT EEE GEE oo hl ps2 oih > APBADID 050 a perro 9 90 18 20 ON 
Mohilla Island, E. Point.......-. Mozambique Channel.| 12 20 0S 
Mombas Harbour, Entrance .....| East Coast of Africa .) 4 4 ° _ 


Montego ES ee ee ee | Jamaica eee beeess col 18 30 
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Places. 


Montery .. bs Bese dan setterta'ts se 
Montpelier Observatory . oe 
Morotoi Island 


Mossell Bay, Cape St. Blaize .. 


Mozambique Harbour Island 
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Latitudes and Longitudes of Places, &c. 


Coast, Sea, or 
Country. 


.| South Coast of Africa 
| East Coast of Africa . 


Latitude. } 


36°35’ 45” N 1121951’ 
43 36.16 

10 

AO 

7 

1 


6° W oe ~30 


Gulf of Mexico 15 
Behring’s Straits .... 45 
Scotland: JP aeP eV: 18 


Mugares Island, Centre......-. «| 
Mulgrave Cape...... selva la mele 
Mull of Cantire Light... 


cocoon 


aS 


Mull of Galloway Light 
Mytelene Island, Sigri.. 


Nabon Cape...-.eoee. 
Nagel Island_.... 
Nargasaki ..... : 
Nankin 


Nantes Cathedral ©. A ‘ f Z “ig 2. Ras 


Nantucket Light........ 
Naples Observatory .... 
Narcondam Island 


Natunas (Great) S. End ........ 


Navigator’s Island, E. Point 
Naze or Lindeness ... 
Necker Island 


Negril North ...... es ns RA ee on 

.| West Coast of Africa . 
.| United States 

.| Carribee Isles 


Negro Cape Pillar ........ 
Negro Cape Island 

Nevis Island, S. Point....... 
Nice... : 
Nicholas (St.) Mole....... 
Nicholas (St.) N. Point 


Nicobar Island (Great) S. Point... 


Nieuport .. 


Nae DO A Oe. 5 4. a3 oe 


Niphon Island, S. W. Rod 


Noir Cape .%. 254 /.). Je the ads Ge 


Nootka Sound... 


Norfolk Island ..:....ee. Seeas 
North Gape .O% B82). ee i. 


North Cape 08 fv. ae dhe 
North West Cape ...... 
Noss Head...... 


Odessa Cathedral cesses css 
Oheteroa Island 

Ohitahoo Island, Heantaion ‘Bay’: 
Okhotsk vs seus 

Oland Island, S. Cape Light 


.| Scotland 


| scotland ws). oie: ats 


Archipelago .......- 


United States....... 
Italy 

Bay of Bengal....... 
Chinese Sea 

Friendly Isles 


. | Norway 


St. Domingo........ 
Cape Verd Isles..... 
Bay of Bengal ...... 
Netherlands 


Japan Isles... 22.02 
Terra del Fuego 

N. W. Coast of Amer. 
Pacific Ocean 

South Georgia .. 
Diapland 4 sce maSte ates 
New Holland....... 


Black Sea.... 

Pacific Ocean. ...0.; 
Marquesas 

Russia in Asia ...... 
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Ombay Island, N. W. End ...... 
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Oporto Bar....... 
Orford Cape 
Orfordness Light .. 
Orleans (New) 
Ormus Island, N. End.... 
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-| Sandwich Isles...... 
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Pacific Ocean....... 
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Coast, Sea, or 


Places Country. 


Orua Island, S. E. Point........1Carribee Isles 


Latitude. 


~eeee.-}| Netherlands 51913’ 57”7N 


Otaheite Tskand; Véus Point.....} Pacific Ocean..... dined a0) 1) 
Owhyee Island, N. Point........) Sandwich Isles 20° 17° 0 
Owhyee Island, S. Point........( Sandwich Isles......| 18 54 30 


Padang Head. a dds SPOUMIALA ais pss. Sawin 56 
Padaran Cape, Congo River .....} West Coast of Africa. 
Palawan Island, Long Point ; Philippine Isles ..... 
Palermo Observatory Vi. peters OU, aise ¢ ooakoriss 
Palliser Cape ...... Me dieisids Wisse 2 | New Zealand ......+ 
Palliser’s Island . jusieaciiic Océan... .:.,. .| 
Palma Island, N. Point .........| Canaries....... eet 
Ralmaa Tow. ini ojecoinsecess ap wed Vidjorca sy. . es 6's ease 
Palmerston’s Island ...... ..+...| Pacific Ocean 
PAPA A OLN ties oie oof ogi ne 5 © 6 0 PG Meiers a sty ote Petar, cate 
PAM AMP ge ory « an « sipis «ory omseen- et lerta Birma 
Panay Island, Pt. Nasog ..... ...| Philippine Isles 
Pangootaran Island ............| Indian Archipelago .. 
Para River, Entrance i 
Paris, Royal Observatory 
Paros Island, Mount St. Elias.,..| Archipelago ... 
Parshongshan, ay Woking... Chinese Sea...... 
Passaro Cape .......4.. See ee Sicily 
Passoo Keah Island .. z Garacelss $60.8 PSR 
Pat-chow Isles, E. Isle. . Pacific Ocean......e 
Paul’s (St.) Cape West Coast of Africa. 
Paul’s (St.) Island or Rock Atlantic Ocean...... 
Paul’s (St.) Island Indian Ocean.... oe 
Paul de Leon OSUNYS ean lr CANICRIS Ss area este eie'2 
Pedro Shoals, El Cascabel. . Carribee Sea 
Pelagosa; Island. wi. cieeic cine eens Gulf of Venice ...00. 
Pelew Isles, S. Point, Angoura I. .| Pacific Ocean....... 
Pembroke Cape Hudson’s Straits .... 
Penobscot.... ‘ United States 
PORTIYRE ASIAB iii. ops ones vee v0 Pacific Ocean....’... 
Pentland Skerries ......... .++-| Orkney Isles 
Pera Island . os: <u « e» iin ata oi Straits of Malacca... 
Pernambuco, Fort Picao Pasi ec yrer oe « oto 
Peros Banhios Isles. Centre Indian Ocean..... og: 
POMIGUEE . Goo G0 od on ons 0 ....| Russia in Europe.... 
Peter’s (St.) Island Indian Ocean....... 
Peter’s (St.) Island, Town....... Newfoundland ...... 
Petropaulowski Ostrog Kamschatka..,..... 
| Peyster’s Isles, S: Point ........ Pacific Ocean....... 
Philadviptiay. 06, Be. United States.... 
Philip Isles Pacific Ocean 
Pickersgill’s Harbour. New Zealand ...... 
Pickersgill Isle South Georgia ...... 
Pico Island, Peak AZONOS! o'ej0 iwiviese 6 9:958/s 
Pigeon Idland : i 
Pilcir Island 
Pine’s Island New Caledonia .... 
Piscadore Isles, Largest Chinese Sea... aej+;, 6 
Pitcairn’s Island ..............| Pacific Ocean....... 
Plymouth, New Church England; jega'sje <ibis o/s 
Pomona Isle, Stromness Orkney Islands...... 
Pondicherry ............04. 8 Uf ee an eee 
Pondy Island.....,2..4...... .-| Indian Archipelago .. 
Popo Island, 8. E. Point Indian Archipelago .. 
| Port-au- Prince tree Pa Re St. Domingo 
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Time 
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0 20 
10 38 


TABLE XXXV. 


Latitudes and Longitudes of Places, Xe. 


Places. 


Portlend Islandia, gcse yee 
Portland Isles..... 
Portland Light. 
Port Jackson 
Port Lewis.. 
Port Mahon .. 

Port Patrick Light... 
Port Royal .. 
Port St. Juan 
Porto Bellos. os. cer aie 
Porto Rico, Point Bruguin....,.. 
Porto Santo Island, Town....... 
Portsmouth Observatory die teheue. 6 
Portuguese Shoals ...... 
Praslin Island. 

Pratas Island . 

Preparis fsland” Centre 
Prince’s Island, Peaked Hill. 
Prince’s isldad, Port St. Aton. ‘ 
Prince Raward'e Islands, S. End.. 
Prince Edward’s Isle, Chs. Town . 
Prince of Wales Fort 

Providence 

Providence Island, Wissen Light .. 
Pulo Laut, Great, N. E. Point.... 
Pylstaart Island De tt eR Ceae eke ¢ 


e@ceeneeree 
eeoectee@eoaereeeees @ 
eseeeeereeeeoeoresree 


ecaveeve0e 


eevreeee 


Quebec Citadel 
Queen Charlotte’s Sound ........ 
QuilGa pais we ews h. bcs occ ts. 04 
Quiros Island... 
Quitote. Voc. . 


eeeceteboeoeeeeee 


eevee eevee e@ 


e®@eete*@eoaeoeve ee 


Race Mage vais oe'ciga sass om a6 
Ram Hegde pe. dsvkacaes 
Ramea Isles 

Ranaj 2. 2.3. areca aaa Paints 


e@eeeeee 


@eeee Gee e tb Oe 


Raoul Island, N. W. Poitit teens 


Rasal, ad, Cape a 
Rattan fine. East Point . 
Recreation ilatde 

Redondo Island 

Resolution Island.,...... 
Resolution Cap@......e,see 
Rhe Island Light... sess eeevss 
Rhode Island Light ..,......+.. 


€ Be -€) 0 eg eeeee 


Rio Janeiro Bay, Rat isléad 
Roca, N. E, Polttt ...... 
Roca Partida Island....... 

Roca Partida Point ..,.....,. 
Rochefort Hospital, .....ee-ese0 
Rochelle........ ad enaayae AiR? 
Rodrigte Faland os sss hsp a0 wees 
Roge (Great) Light .......ee9e- 
Roman Cape). sess seesegses an 
Rome, Roman College .. 
Ronaldsha, N. Point... ...se.-s 
Rondo Island .,..esse0. 
Roque (St.) Cape ......ee. 
Rotterdam 
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.| Iceland .. 


Coast, Sea, or Latitude 
Country. 


ceveieesel; OO eae ome 
Pacifié ‘(Oééan,..,..... 
1 le (sae aa 


Nova Scotia. 


oe ee ee 


Vancouver’s Isle..... 
Terra Firtta cds ies. 
Parto “Riedy, . se ce Sad 
Atlantic Ocean 
England 

Indian Ocean.. 


.| Indian Ocean... G ep 
.| Chinese Sea... 


.| Bay of Bengal .. 
Straits of Sunda 
Atlantic Ocean 
Indian Ocean 

Gulf of St. Lawrence. 
Davis’s Straits ... 
United States 
Lucayos’.... aie tace 
Macassar Straits. Aphis 
Friendly Isles... 


Canada....0.+.+.0. 
New Zealand . 

E. Coast of Africa \ 
Friendly Isles 

Peru 


Newfoundland . 
Sandwich Isles’? . 
Pacific Ocean....... 


.| Bay of Honduras .... 
> [Pacifie Oceanis... <2. 


Cartibee Estes 7.3. S32 
Padific’ Océan. ¢.5.., 


-| Hudson’s Straits .... 


Russia in Europe.... 
Brazil 

Leeward Islands..... 
Pacific Ocean 

Mexico 

France’ p.aees eer ory 
Franeée®. 505 re ne 
Indian Ocean .....0- 
Gulf of Finland 

Terra Firma.... 
Italy 

Orkney Islands...... 
Bay of Bengal ...... 
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| Siam River, Entrance ... 


TABLE XXXV. 


Latitudes and Longitudes of Places, &c 


* Places. 


Rotuma Island ....¢., 
Rouen Cathedral eeeteeaevevese oe 
RRour Tsien: c4cb4 bs isis 


eee 


Saba Island, Ladder Point....... 
Sable Owais. 3. Sek eae eT ELS 
MG MEE Sect d ag ccdagisges 
Sable Island, East Point 

Saldauah Bay, dei di Ns Point 
Balleeie oy s.2s.,.s 
Salisbury Island. ....s.0.s005- 
Salt Island, S. Point . 

Salvador (St. 2 GF TOMS 66 5 3s cess 
Salvages Isles, Largest........55. 
Samana Island, 7 Ae 
Samar Island, Cape Esper Santo . 
Samarang a ae oy 
Sandalwood Island, E. Point..... 
Sanders’s (Sir C.) Island . 
Sandwich Bay, ave 4 
MANM WIEN CODE ois ks cee ba ae 
Sandwich Bachar. ae ad age: Ge 3 « 
Sandwich Island ..., 
Sandy Oo ee ae 
Sandy Hook Light.......5.. 
Sandy Island tba 
Santa Cruz ONE 
Santa Cruz Harbour .¢.i....:.. 
Santa Cruz Island, Cape pas oie 
Sapata Island, East Point. 

Savage lage... «cass. eeecees. 
SAVANNA EIGHE foc auad 55 <44 006 


*eeoee @eeoe 


aVane I MEP osc sn ksiccccene 


oe ee 


Savu Island, Centre 
Scarborough Shoal.....4... eee. 
Scilly Isles, Sr PIAt St chs ges 5s. 
Scio Island, Town 
Schowen Light 
Seal Island, South Poivt . 
Sebastian (St.) Cape Pane A 9 Bb? 
Se Booro Island, S. E. Point..... 
Senegal River, Bnthtince Ty ec ae 3 
Se Pora, ym Marlborough Tere 
Shetland Isles, (New) Cape Smith 


ee@eeren ee Gave 


Sierra Leone Cape ......+2..,.. 
Skagen Cape Light, Scaw....... 
eimiths 99105. ...+.5 5. “reg 

mimyrfia, Centte ...0..0.206% 
PORTO MIAIGNG 55.055 655s ans gis 
oe ET 


‘Socotra Island, N. E. Point. ateaiea 


Solitary Island 
Solombo Island (Great)... 


F) SOLOMON Gaye oc. . 5. ses eecnss 


Sooloo Island, Sooloo Town, , ree f° 
South Cape .......... 
South Cape ...,.... 
South Cape. as 034 
South MEMD sis thea aes < 5 
Southampton Island, C, Pembroke 


Pacific Ocean: : ies. 


| Lucayos 


‘ Friendly TRIBS> Se See 


.| Van Dieman’s Land . 


Coast, Sea, or 
“Country. 


Pacific Ocean séeees 
France << 49 26 27 


1 33 40 


Carribee Isles ...5..] 17 39 30 
Nova Scotia 
Plorid&.: cee ¢ or 

Nova Scotia :cascec. 

W. Coast of Africa... | 
Morocco 

Hudson's Bay 

Cape Verd Isles .... 

Béaztl cse.5s Paeree 

Atlantic Ocean.. .. 


ec 6e.e-. 


Philippine Isles .. Ai 


Indian Archipelago .. 
Society Isles...eee-. 
Labrador 

New Holland....... 
Nova Scotia .....ee. 
New Hebrides...... 
New Holland......- 
United States...... 
Indian Ocean 

W. Coast of Atria. 
Patagonia .i¢..s.0%. 
Pacific Océan....... 
Chinese Sea... 
Pacific Ocean....s- «4 
United States....... 
Jamaica 

Indian Archipelago .. 
Chinese Sea...... 
England ...... 
Archipelago ..5,.6.. 
Holland s6.e.e8s 
United States 

E. Coast of Africa... 
W. Coast of Sumatra. 
W., Coast of Africa... 
W. Coast of Sumatra . 
Atlantic Ocean...... 
.| Malacca . re 3 
W, ike of Aftica:. 
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Pacific Ocean ... 
Pacific Ocean..... 
Arabian Séa.....a.. 


Indian Archipelago... 
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Indian Archipelago, . iby 
Spitzbergen 
New Zealand 
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Pacific Ocean......>» 
Hudson's Bay ...... 
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TABLE XXXV. 


Latitudes and Longitudes of Places, &c. 


Time 


Coast, Sea, or | : 
’ ' Latitude. el 


Country. Longitude. 


Places. 


Southern Thule .....-..e+.++-| sandwich Land .....} 59934’ 0”S | 27°45’ 0” W 
Spartel Cape ove eis aheuel ee 30 9 53 
Spartivento a ct y 37 55 50 16 3 
Speaker’s Bank...... 0 72 30 
Sproe Island . ; 0 10 59 
Stapel's (E.) Light..... Hi 38 9 37 
Start Point.....+. Satie lp (024 >» # Bop 38 
Staunton’s Island.......... mo = 13 
Stn MALOU sais cites ares wi oa > 25 
Stephen’s Cape Behring’s Straits 17 
Stettin Geriiany.. oo. siseeis 34 
Stockholm Observatory — SH ey e 3 
Stromboli Island, St. Bartolo ...,| Mediterranean 12 
SE ti ail aiedtee dd Orkneys . 28 
DUCKEES UO RIe nk cide locer inks 5 ets Terra del Fuego 19 
Sulphur Island Chinese Sea 22 
Surat River, Vaux’s Tomb i dl 
Surigao Isles, Surigao Town Philippine Isles ..... 25 
Suwarrow Isles Pacific Ocean 31 
Swan’s Island, largest Van Dieman’s Land.. 
Wa Sees Ee ro Ree ee ene bof Bay of Honduras .... 
Sweetnose Cape j Russia in Europe.... 
SYCACUSG Ut Le be sis ake « acpi eP OLY 64 Lemiee ois ben 
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Table Bay, Robin Island S. Coast of Africa.... 
Table Island... New Hebrides 
Sandwich Isles...... 
Tambelan Tsles, Centre Indian Archipelago ,. 
Tanakeke Island Indian Archipelago .. 
Tanna Island, Port Resolution ....| New Hebrides 
Taoukaa Island Pacific Ocean 
Scotland 

Taya Island Indian Archipelago .. 
Taya Island, Northernmost pines Sea 
Taypingshan, N. E. Point 

Tchin San Isles China. Oe tate 
Telemaque Shoal....... ee+e...| Indian Ocean .. 
Teneriffe Island, Santa Cruz Mole.| Canary Isles..... aoe 
Hercera Wsland, Angra... 20. .0+s| AZOPES ws ecvccnvcas’ 
Testigos Isles ..-..{ Carribee Sea 

Texel S. Point 

Thomas (St.) Island, Harbour. 

Thomas (St.) Island > 

Tiburon Cape st..Domingo........ 
Timoan Island, N. Point .....,...} Indian Archipelago .. 
Timor Island, Coupang Indian Archipelago .. 
Timor Island, Delhi Indian Archipelago .. 
Tinhosa Island .. Chinese Sea 
Dinmooti, Uiptte. .ns-08 «a0»... -. ++] England . 

Tobago Islaud, N. Carribee Isles 
Tongatabou Island, eae I. ..| Friendly Isles 
Tootual asian... dw stengys al > ism + Pacific Ocean. ..... 
OUOOE ees. ace cat inte si) sejaie is Nova Scotia 

TOPtOld "TRAY vines epee cy gis > nee ak tein istes 

Tortudas, E. Point ........++..| St. Domingo 

Tortuga Island, Centre 

Toulon Observatory 

Tory Island, N. W. Point 

Trafalgar Cape. Winds 's bounds 2420 6 »+-| Spain 

PCN PEC SES alate ada oto nm oes apse Indian pe ae 
Triangle Isles, E. Isle .. -| Gulf of Mexico.. 
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TABLE XXXV. 
Latitudes and Longitudes of Places, &c. 


Coast, Sea, or 


Places, Country. 


101°22’ 0”E 
8 E 


LOO ee ara W. Coast of Sumatra .]| 4° 2’ 0”S 
Trieste Town ........ lca « Gulf of Venice 45 38 8 
Trincomalé, Flagstaff ] 3? 30 
Trinidad Island, 8. Point. Auantic Ocean 31 0 
Trinidad Island, Port d’Espagne. .| Carribee Isles 39* 25 
Tristan d’Acunha Island i 5 36 
ne Island . i ‘ 46 

i i 51 


i 
Latitude. : Longitude. 


eh 
oo 


He gugehecae 


Japan Sea 
Pacific Ocean 
Turtle Isles..... fe SOM Indian Archipelago .. 


ANANAANPRNAAHN 


MOOR Paras yas 8 wis six « oie « oie f mOcioty Isles. .'. 6 + s's 6 
Unst Island Shetland 

Uraniburg 

Ushant Island, Light 

Ustica Island, Turk? SC) ae 


eee 


Valery sur Somme (St.) ........ 

Valparaiso ..... er esl she dp. ci0. 3 

Varela Island Straits of Malacca ... 
Pacific Ocean 


Benice set Blank’ s.. fs a. 0. eae x 
Vera Cruz 
W. Coast of Africa .. 
MIEVARS AEC) sieie cterele ice gis ease Terra del Fuego 
WHO © cs eG. Of6he  sfeiielele. « OCle cece 
Villa Franca, Light . y 
Vincent (St.) Island Cape Verd Isles..... 
Vincent (St.) Cape Portugal 
Vincent (St.) Island, Kingston... Carribee Isles....... 
Virgin Gorda Island, E. Cape....}| Carribee Isles....... 
Virgin’s Cape..... PEN OLS oii! s/6,4)0 i 
EEO, Wists cin oplahcre'd.s's o's» « 
SUMING aryis cists alae o> 0 0 os 
Volcano Island . 
Volcano Island, Cape Guardiano.. 


mabgeiddgmgssenn amet 


Walcheren Island, W. Point .....|Holland...... 
OO Pacific Ocean 
VL) Ns New Hebrides...... 
Walsingham Cape ....... Cumberland Isles.... 
Walwich Bay ........¢..00.++4)| We Coast of Africa .. 
Wardhuus .... ° 

Washington, Capitol United States 
Watcher, (N.) Island Indian Archipelago . 
Wateeoo Island.......... .....| Pacific Ocean 
Waterford . 

Waygate Island Baffin’s Bay 

Webuck Cape ....... aus gia! « ons Labrador 

Weigate’s Straits..............| Russia in Europe.... 
to Soe Lapland 

Western Port, C. Shank New South Wales... 
Westra Island, Noup Head . Orkney Islands ..... 
Wetter Island, East Point Indian Archipelago .. 
Wexford Harbour 
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TABLE XXXV. 


Latitudes and Longitudes of Places, &c. 


— 


Time 
H. Ww. 


Coast, Sea, or 


Country. Latitude. 


Places. Longitude. 


Whitsuntide Island New Hebrides..... 
Wicklow Light ........4. aes he) Sheland eed eke 
Woahdo Island ..........+.... | Sandwich Isles 

84 Wolf Island .ys 03 230. 0868%. 2%] Labrador 

1 | Woodham’s Isles .... Newfoundland ...... 
Woody Point W. Coast of America. 

Norway .... 


15°44" 0”S 


eeoetet eee eee 
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eeeeeee eee 


sam Frayed ees. ofa] Ghat 

Xulla (Great) S. End ........ -+{ Indian Archipelago .. 

Yap Island 4 it.se. See Ps ax ets] Pacitic Oceans... 25 

- & Yellow Hiver, Kntrance,......%.) China... 
1 | York (New) Battery -........../ United States. 

aL OFK Port’. enue. 8 ee eceseee| New Wales 

} | York Island, Mount Adolphus ...| Torres’ Straits ...... 


1 | Zacheo Island 
| Zante Island, Town ..... 
H | Zanzibar Fort 
H | Ziaret Cape...... Se ee. ae fe 
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KE. Coast of Africa are 
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TABLE XXXVI. 


THE TIME OF HIGH WATER. 


On the Full and Change of the Moon, at the principal Ports and Places on the Coasts of 
Great Britain and Ireland, with the rise of the Spring Tide, in Feet. 


} 


Places. Situation. 


Aberdeen... ..-... 
Aberdovy ......4+ 
Aberistwith. .... dics 
A | Achill Head ..... 
f | Agnes (St.) ...... 
AijeyPoint Ve bh. ‘ 
Aldborough ...... 
i | Alne River’ ...... 
| Amlwick Point....| Anglesea..... 
Arran Isle........| Scotland 
Arundel Bar,.....] England..... 


Scotland . 


Scilly Isles... 
Isle of Man... 


Shetland 


; Balta... 
: Ireland 


Baltimore .......4. 
Bamff .. 
Bantry Bay 

Barmouth 

Barnstaple Bar.... 

Beachy, on Shore.. 

Beachy Offing .... 

Beaumaris ....... 

Berwick ...+.. «.. PEngland..... 
Blakeney Harbour.! England ..... 
Blythe .. England ..... 
Bolt Head .......] England 


e©ee@seeee 


eeeee eve 


Time | Rise 
H. w. | Feet. 


6 
2 


Places. 


Boston 

Brassa Sound..... 
Bree Bank ....... 
Bridgewater. ..... 
Bridlington 
Bridport, . sass 
Brighton. ....0.6. 
EACISHOL Ls <5 eae ee ore 
Burnt Island 


Caernarvon Bar ... 
Cairston .. . 
Calf of Man J... 


‘{Cantire (Mull).... 


Cardigan Bar 
Carlingford....... 
Carmarthen ...... 
Chatham... 
Chester Bar ....0- 
Chichester Harb... 
Clear Cape....... 
Cornwall Cape.... 
Cork Harb. Ent.... 
Cowes 


Situation. Time | Rise 
H. w. | Feet, 


England .....| 7 15 
Shetland 

North Sea.... 
England 

England. 

England . 

England .. 

England .. 

Scotland 


Walés 3.23428 
Orkney ...-+-- 


-; St. Geo. Chan. }1 


Scotland 


England..... 
Evgland..... 
Ireland’. . a. 
England ..... 
CPELaIe . 6 swan 

Isle of Wight .|10 45 
Scotland.....j11 45 


<a Sea NES SCEM IRE SEE ANT ARES RIR AAPM OPTED tiny Ep hat DL Fe Set 


TABLE XXXVI. 
THE TIME OF HIGH WATER, &c. 
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Places. | Situation. es Asai Places, Situation. es ak, : 
Cuckold’s Point...| River Thames.| 1 52] 18 | Margate Pier.....| England.....j11 15 16 
Milford Haven,Ent. England.....; 5 45) 36 
Dartmouth.......| England.....| 6 10| 20 | Montrose ........|Scotland.....) 140 
Deal. re we. ..|England.....j11 25) 19 | Mount’s Bay .....| England.....| 4 45} 19 
Dee (River)....+ .| Scotland ....| 0 45} 26 
Dingle Bay ......|Ireland...... 3 30} 114] Needles ........ -| England.....| 9 45! 9 
Dover Pier..... ..| England ...s./11 16] 20 | Newcastle ..4....| England.....) 4 0 
oO ee England..... 11 15) 15 | Nore Light.......| River Thames.| 1 q 14 
Dublin Bar...... .| Ireland ......{10 30) 12 , 
Dudgeon Lights ..| North Sea ...| 7 30) Orfordness ».....+| England.....|10 40] 11 
M@ubar cs 4). t. iecotland .....| 2.15 Orkney Isles .....| Scotland.....|10 30) 8 
1 | Dundalk Bay .....|Treland...... 10 45 
f’| Dundee.... ......| Scotland,....}i:2 15 Pentland Frith ....| Scotland.....|10 3} 8 
i | Dungarvon....... Ireland ......| 4 30 PONZaNCC ya Ye «sie 2, England ..... 4 30| 19 
Dungeness ...«..-| England .....|10 50] 24 | Plymouth Sound ..| England..... 5 30) 18 
Portland Race ....| England,....| 9 15] 7 
Eddystone .....++| English Chan. | 5 15] 18 | Portland Road ....|England....:| 6 15 
Exmouth Bar.....| England .....} 6 25} 14 } Portsmouth Har, ..| Englands..../11 36) 18 
Eyemouth ,......| Scotland .... 2 15 
Falmouth........| England.....| 5 30) 18 | Ramsgate........| England .....{11 50} 21 
Flamboro’ Head...| England.....| 4 30 Rye Harbour.....| England ..... 10 36) 24 
Flats (Kentish) ...| England.....j11 0 
Foreland (N.).....| England.....j)11 45| 16 [Saltees ...5...... Treland.....3| 5 40} 12 
Foreland (S.).....| England..... 11 20) 15 | Seaford.......... England ..... 10 16} 20 
Fowey .....++..| England.....| 5 30) 16 |Selsea Harbour....| England .....)11 15) 15 
Shannon R. Ent. ..|Ireland...... 3 45] 12 
Galloper.......+.| River Thames.| 0 45 Sheerness..... .es| England .....| 0 40) 15 
Galway Bay ......|Ireland......| 4 30 Shields ......% os. | England.;:..) 3 0} 18 
Galloway (Mull) ..|Scotland..... 11 15 Skerries ai4..% 034 Ireland .... 4 45) 11 
Goodwyn ........| Downs ...... 1 30 Sligo Bay ........ Ireland ...s..| 6 45 
Gravesend........| England ..... 1 30/ 16 |Solebay .........|England.....j10 30} 7 
Gunfleet.........| River Thames. 12 0 Southampton .....| England ..... 11 40) 18 
Hartlepool.......|England.....| 3 45\ Spithead ........]| England.....| 9 30 
Harwich....06..3| England .s...{11 30] 14 Sunderland.......| England.....| 3 0} 12 
Hastings.........|England...../10 36 Swansea ....58s.| Wales...ii.41 6 0} 30 
Helen’s (St.) .....| England...../11 0} 16 | Swin............4} River Thames./12 0] 16 
Holyhead Bay ....| Wales.......|10 0) 24 ; 
Hull ove'.i.3%..| Englaiid ..... 6 0} 18 | Tay Bar...... -»+|Scotland.....| 1 45 
Humber R. Ent....| England.....| 5 15} 18 | Tees River .......| England ..:.. 3 30! 16 
Tinmouth Bar ....| England .;..;| 2°50}. 13 
Ipswich..........| England.....|12 0 Torbay i. slates cis si-be England..... 6 0} 20 
Ives (St.) ........| England...,. 4 30} 22 [Tralee Bay .....-.) Ireland ......| 3 45 
Kenmare River ...|Ireland......) 3 30| 11 | Waterford Harb. ..| Ireland......| 5 30] 13 
| Kentish Knock .,.| River Thames.|11 30 Wexford Harbour..| Ireland......| 7 30 
Kinsale Harbour...| Ireland ......| 4 30 Weymouth .......| England.....| 6 30] 7 
Kireudbright .....| Scotland.....{11 15 Whitby........5.| England ....; 3 45) 13 
Wicklow .,....2.|Ireland..i:..|.9 0 
Land’s End ......| England.....| 4 30 Wisbeach........| England.....| 7 30 
ifn Fier....... Scotland ....| 2 20) 15 
Lewis Islands ....| Scotland ....| 6 0} 11 | Yarmouth Roads ..| England.....| 8 40; 8 
Liverpool Dock ...| England..... 11 20) 27 } Yarmouth Sands ..| England ,..../10 30 
London Bridge.,..| England.....} 2 7; 19 | Yorkshire Coast...| England.....| 6 0 
Lyme Regis,.....| England..... 6 45} 13 [Youghall.........|Ireland......) 5 0} 11 


EXPLANATION 


oF 


THE MANNER OF USING THE TABLES. 


Tasres I, and IIl.—Difference of Latitude and Departure. 


3 


Tn Ese Tables contain the parts of right angled plane triangles, whose greatest sides are 

integers, not exceeding 300; the angles in Table I. being given to every quarter point of | 
the compass, and those in Table II. to every degree of the quadrant. If the sides of the 

proposed triangle should exceed the limits of the Table, they may be divided by any number 

that will bring them within these limits; and then the results from the Table, multiplied by 

the same number, will give the required parts of the proposed triangle ; observing that the 
_angles must in no case be multiplied or divided. 

These are very useful tables in the practical resolution of problems in which right angled 
| plane triangles are concerned, when munute accuracy is not required; and from their use in 

facilitating the reduction of compound courses to single ones, they are called Traverse 
Tables. 

Each angle at the top or the bottom of the page may be considered as the vertical angle 
of aright angled plane triangle; and the side opposite that angle is found in the column 
marked Dep., the other side in the columa marked Lat., and the hypothenuse in the column 
marked Dis¢., all adjoining each other on the same line. 

Thus with the vertical angle 28° and the base 92, the perpendicular is found 173-1, and 
the hypothenuse 196, With the perpendicular 114°1 and the base 163, the vertical angle is 
found 55° and the hypothenuse 199. 

With a course of 34 points and a distance of 215, the difference of latitude is found 172-7, 
in the column of Zat., and the departure 128:1, in the column marked Dep. With a middie 
latitude 39° considered as the vertical angle of a right angled plane triangle, and a departure 
of 141-2, considered as the perpendicular of the same triangle, we have the difference of 
longitude nearly 182, as the hypothenuse in the column of Dist. With a course of 18° and 
a meridional difference of latitude of 217 in the column of Zat,, we have in the column of 
Dep. nearly 70°5 for the difference of Longitude. 


TaBLe Il].—Meridional Parts. 


This Table is used in laying down the meridians in the construction of charts according to 
Mercator’s projection of the globe, and also in the solution of problems on the principle of 
that projection. The degrees of latitude are found at the top of the Table, and the minutes in 
the side column. Under the degrees, and opposite the minutes, stand the meridional parts, 
Thus, for latitude 48° 12/, the meridional parts are 3309. 


TasL_e 1V.—Log. Sines, &c. to every Quarter Point of the Compass. 


When the course is given, or required, in points of the compass, the log. sine, tangent, 
| &c. to the given course, or the required course to a given log. sine, tangent, &c. may be 
{ found from tnis Table: The pviuts, &c., if not exceeding four; are found in the left-hand 
‘| column ; and in that case the denomination sine, tangent, &c. of the log. is to be looked for 
at the top of the Table. Ifthe points exceed four, they will be found in the right-hand 
column; and the denomination of the required numbers at the bottom of the Table. 


Thus the log. sin. of 24 points is.......... 9°673387 
OO ae hia aie cad of SAU OROL EL 
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EXPLANATION, &c. 


TasLe V.— Logarithms of Numbers. 


This Table contains the decimal part of the logarithm of every integer below 10,000, | - 
carried to six places of figures. The index of the logarithm is easily supplied, as it is always | 
less by one than the number of digits in the integral part of the number. If the number. 
consist wholly of decimals, the index of the logarithm is then negative, and it is indicated b 
the place occupied by the first figure in the decimal. Thus the index of the logarithm of 
04 is —2; of 006, —3, &c. But to avvuid the confusion that might arise by the addition’ 
and subtraction of negative indices, it is customary to take the arithmetical complement of 
the negative indices, and to consider these complements as positive. Thus 8 is put as the | 
index of -04, 7 as the index of 006, &c. 


To find the Logarithm of any Number. 


If the number consist of only one or two figures, its logarithm will be found at once in the 
first page of the Table. Thus, in the column marked No., we find 66, and in the adjoining 
column marked Log. we have 1819544, which is the log. of 66. And in the same way, 
opposite 7 we find °845098, the log. of 7. 

If the number consist of three figures, the decimal part of its logarithm may also be found 
at once. For if the number be found in the column marked No., the decimal part of its 
logarithm will be found in the adjoining column under 0. Thus the decimal part of the log. 
of 382 is 582063 ; and as the number consists of three digits, the index of the logarithm is 
2; therefore the log. of 382 is 2582063. It must be observed that when there is a blank 
space in the column of logar thms, the figures immediately above it are to be understood as 
repeated in every line below 

If the number consists of four figures ; opposite the first three figures, in the No. column, 
and below the fourth figure, at the top of the Table, is the decimal part of the logarithm. 
Thus, to find the log. of 7218; we have opposite 721 in the No. column, and below § at the 
top of the Table, 858417, for the decimal part of the required logarithm. And as 7218 
consists of four digits, the index of its logarithm is 3; and therefore the los. of 7218 is 
3°858417. ni 

If the number-consist of five figures, or more ; seek the decimal part of the log. of the 
first four figures, as above; then multiply the number from the column marked Diff. on the 
right of the Table, by the remaining digits of the given number; strike off as many figures 
from the right of the product as are contained in the number by which you multiply; add the 
remaining figures of the product to the decimal part of the log. of the first four digits already 
found, and the proper index being prefixed to the sum, you will have the required logarithm. 

Let it be required, as an example, to find the logarithm of 682473. With 6824 we find 
‘834039 ; and in the column of Diff. on the right, we have 64. Now 64 multiplied by 73, 
the remaining digits of the proposed number, gives 4672. And if the last two figures be 
rejected, we have 46, or nearly 47, to add to 834039. The sum, with the proper index 5, is 
5°834086, the required log. of 682473. 


To find the Number corresponding to a given Logurithm. 

The index will’ always show how many digits are contained in the integral part of the 
required number; and if the number of digits required do not exceed four, the number will 
be found in the Table without trouble. For seek the nearest logarithm in the Table to that 
which is given, and the first three digits of the required number will be found on the same 
line in the column of No., and the fourth figure at the top of the Table, over the nearest | 
logarithm. Thus the No. to 3426874 is 2672, the No. to 2993877 is 986, and the No. toj | 
0°374123 is 7°484, &c. 

But if the number be required to a greater number of places than four, take the number 
answering to the next less logarithm, and to the difference between that logarithm and the 
given one, affix as many cyphers as there are digits wauted above four, and divide the result 
by the Diff. taken from the-same line as the logarithm, and the quotient will be the remaining 
figures of the required number. | 

For example, let the number to log. 4°827639 be required to six places of figures. The 
log. in the Table next less than the given one is *827628, to which the corresponding number 
is 6724. Now this logarithm, taken from the given logarithm, leaves a remainder of 11; and 
as six figures are required in the answer, two cyphers must be annexed to this remainder. 


ee ee a 
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| angles or meridian distances reckoned westerly. 


' the given arc contain seconds also, the proportional part of the logarithm for them may be 
obtained thus: Multiply the number taken from the column of Diff. between the given and. 
the next following minute, by the number of seconds; reject two figures from the right of 
| the product, and add the remaining figures to the log. corresponding to the given degrees and 


| ing, and the sum or the difference will be the required logarithm. 


| of 36° 34’. Now the number in the corresponding column of Diff. between 34’ and 35’ is 
| 440; which, multiplied by 27, and the two figures on the right rejected from the product, 
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We have thus 1100 to be divided by 65, the difference in the right-hand column of the Table. 
The quotient is nearly 17. Hence 672417 are the digits in the required number, and as the 
index of the logarithm is 4, the number must contain five figures in integers; and therefore 
67241°7 is the required number. 


Taste V.t*—To find the hour angle from Altitudes. 


This Table is intended to facilitate the computation of time; the logarithms in it are 
twice the log. sines of half the hour angles, for such distances from the meridian as observa- 
tions for time may with propriety be taken; but the times in the Table are the who/e hour 


Having found the log. for Table V.* according to the rule, page 243, as exemplified in the 
examples on pages 244 and 245; if the altitude is decreasiny take the hour at the top and 


the minute on the left which on the Table corresponds with the log. next /ess than the given 


one, and to the difference between that next less and the given logarithm annex two ciphers, 
and divide by the adjoining diff. to 100 sec. in the Table, and the quotient will be the 


| seconds in the required hour angle. If decimals of seconds are required, add more ciphers 


and continue the division. 
When the attitude is increasing take the honr at the bottom and the minute on the right 


which in the Table corresponds with the logarithm next greater than the given one, and to 
| the difference between that next greater and the given logarithm annex two ciphers, and 


proceed as above for seconds and decimals. 


Taste VI.—Log. Sines, Tangents, &c. 


When the degrees in this Table are found at the top, the denomination of the log. will also 
be found at the top, and the minutes of the arc in the column on the left; but when the 
degrees are found at the bottom, the name of the log. will be found at the bottom, and the 
minutes of the arc in the column on the right. The column marked Diff. is the change of 
either of the logarithms between which it is placed, corresponding to a change of 100” in the 
arc. ‘he decimals in the logarithms are carried to six places of figures, an extent quite 
adequate to the solution of any problem to which in this work it is proposed to apply them. 

When the log. seme of an obtuse angle is required, take the cosine of its complement or of 
the difference between it and 90°; when the log. cotangent of an obtuse angle is required, 
take the log. angent of its complement, &c. Thus, instead of seeking for the secant of ; 
1219 4/ 20”, an arc which is not to be found in the Table, seek the cosecant of 31° 4! 20”, 


EXAMPLES. 


Log. sine. .of,...... 40° 4’ is _ 9°808669 
cosine....... 21 38'.. 9:968278 
tangent...... 8413 .. 10:994466 
cotangent.... 55 58 .. 9:829532 
secant....... 70 20 .. 10:472954 
cosecant..... 8 35 .. 10:826092 

Cosine 143° 24’=sine53 24 is 9°904617 


In this manner may the dog. sine, tangent, &c. be taken out for degrees and minutes. If 


minutes, when the logarithm is increasing, but subtract them when the logarithm is decreas- 


ExamMpPLe.—What is the log. cotangent of 36° 34’ 27”? 
The log. cotangent of 36° 34’ is 10-:129735, and the logarithms in the column decrease as 
the are increases ; therefore the log. cotangent of 36° 34’ 27” is less than the log, cotangent 


gives 119; and this number subtracted from 10:129735, leaves 10:129616 for the cotangent 
of 36° 34’ 27”. 

When the log. sine, tangent, &c. is given to find the corresponding arc, we have only to 
reverse the above process. If the are is required only to the nearest minute, seek in the 
proper column for the logarithm which differs least from the given one, and take out the 
degrees and minutes corresponding to that logarithm. 
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Thus the are to log. sine,. 9°863724 is 46° 57’ 
secant 10:101003 .. 37 35 


But if the seconds in the are are also required, we seek in the proper column for the 
logarithm which is next less than the given one, when the logarithms in the column are 
increasing, but next greater when the logarithms in the column are decreasing, and take the 
degrees and minutes corresponding to that logarithm for the degrees and minutes in the 
required arc. Then to the difference between the logarithm so found and the given logarithm 
we annex two ciphers, and divide the result by the number taken from the corresponding 
part of the adjoining column of Diff. and the quotient is the seconds to be added to the 
degrees and minutes before taken out. 

Exampte.—Required the arc to log. sine 9641357 ? 

The sine of 25° 58’ is 9°641324, and it is the logarithm newt Zess than the given one, which 
we take, as the logarithms in the column increase with the arc, The.difference of these two 
logarithms is 33, and if two ciphers be affixed to the difference, and the number then be 
divided by 432, taken from the column of Diff. in the Table, we have nearly 8 for the number 
of seconds; and hence the required arc is 25° 58’ 8”. 

Again, let the arc corresponding to log. cosine 9:126624 be required? 

Here we take out 9°127060, the log. cosine of 82° 18’, as it is the log. cosine in the Table 
next greater than 9°126624, the log. cosines decreasing as the arc increases. The difference 


column of Diff. gives 36 for the number of seconds. Hence the required arc is 82° 18’ 36”. 

Tbe above observations may be sufficient to show, in a general way, the manner of using 
the Table. But in small ares, the differences of the log. sines and cosecants are very large 
and irregular; and in ares near a quadrant, the cosines and secants have like large and 
irregular differences ; and so in both cases have the tangents and cotangents. The logarithms 
of such arcs taken from the Table by even proportions will, therefore, frequently not, be 
sufficiently correct. The following rules first given by Dr. Maskelyne, may in such cases be 
applied with advantage. 


To find the Log. Sine of a small Are. 


Add 4:685575 to the common logarithm of the arc reduced to seconds; from the sum | 


subtract one-third of the log. secant less radius of the arc, and the remainder will be the 
required log. sine. 


’ 
} To find the Log. Tangent of u small Are. 


Add together the common logarithm of the arc, reduced to seconds, two-thirds of the log. 
secant less radius of the arc, and 4685575, and the sum will be the required tangent. We 
have, hence, the following rules for performing the reverse operations. 


To find a small Arc whose Log. Sine is gwen. 
\ 


To one-third of the log. secant of the arc in the Table, whose log. sine most nearly corre- 
sponds with the given log. sine, add the given log. sine, and 5:31442% and the sum will be 
the common log. of the seconds in the required arc. 


To find d small Are when its Log. Tangent is given. 


To the log. tangent add 5:314425, and from the sum subtract two-thirds of the log. secant 
of the arc in the Table whose tangent most nearly agrees with the given tangent; and the 
remainder will be the log. of the seconds in the required arc, 


‘ EXAMPLEs. 


Required the log. sine of 1° 28’ 13”, or the log. cos. of 88° 31/ 47” ? 
1° 28! 13” = 5293” ... . log. 3:723702 
Constant No. ........0+++- 4685575 


8409277 
4 log. sec, 1°. 28/......sub. °000047 


1°28! 18/ log. sines: 3... . 8:409230 


an: 


1 | 

between these two logarithms is 564; whence 56400 divided by 1559, the number from the 
| 
i 
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Required the log. tangent 1° 55’ 38, or log. cotangent 88° 4/ 22)! ? 


1° 85! 38 = 6938700... log. 3841234 
Constant No....... sheet 4685575 
2 log. sec. 1° 553” ..... add -000163 


Ans. 8526972 

Required the arc to log. sine 7:963214? 
¥ log isee OOS e. E 000006 
7963214 

Constant No. 5°314425 

18957... 66. log, 3277045 


Whence the required arc is 31’ 35/. 
Hence the arc to log. cosine 7:963214 is 89° 28/ 25", ' 


Required the arc to log. tangent 8400138 2 
8:400138 
4 Constant No. 5:314425 
37 14563 
2 log. sec. 1° 263/...sub. -000091 
5181/...log. 3714472 


Required are 1° 26! 21”, 
Hence the arc to log. cotangent 8:-400138 is 88° 33/ 39/’. 


Taste VII.—Dip of the Sea Horizon. 


This Table contains the depression of the visible norizon arising from the elevation of the 
eye above the surface of the earth. Opposite to the height of the eye, in feet, is found the 
dip, in minutes and seconds; and the correction is subtractive from altitudes taka by a fore 
observation, but additive to those taken by a back one. 


TasLe VIII.—Dip of the Sea Horizon at different . ee Srom it. 


In taking an altitude near land, the line from which the alitude is measured, or that sepa- 
rating the sea and Jand is sometimes within the horizon, or apparently depressed below it. 
When the height of the eye, and the distance of the line to which the reflected image of the 
object observed is brought down, are given, the corresponding dip may be taken from this 
Table. 

Thus if the edge of the sea be one mile distant, and the height of the eye 20 feet; then in 
the Table opposite one mile, and below 20 feet, stands 12/ the corresponding dip. 


Taste [X.—Mean Refraction of Celestial Objects. 


This Table contains the refraction in what is considered a mean state of the atmosphere. 
The correction is always subtractive, and is found opposite to the given altitude. 
Thus at the altitude of 13° 20/ the mean refraction is 3/ 57/, 


TasLE X.—©’s Parallax in Altitude. 


The correction from this Table is always additive to the altitudes of the sun: it is found 


opposite to the given altitude, 


Taste XI.—Correction of the Mean Refraction. 


When great precision is required, and at all times when the altitude is small, the refractions 
in Table 1X. must be corrected by the numbers in this Table, for the variations in the weight 
and temperature of the air, indicated by the heights of the barometer and thermometer. The 
correction for the barometer is subtractive whoa. the height of the mercury in the tube is less 
than29°6 inches,and additive when it is above; for the thermometer the correction is additive 
when the temperature is below 50°, but subtractive when it is above. 

As an example, let it be required to find the true refraction at the altitude of 6° 10/ the 
thermometer standing at 64°, and the barometer at 30°3 inches. 

By Table IX. at 6° 10/, the mean refraction is. ....4 sei9¢s eee 0-10, 
In Table XI. opposite 6° and above 30°3 stands 12/4 } 
fe) diff... — 4 
below 64 16 — 


True refraction ...e.2.0- 8 IJ] 
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This Table is not carried higher tnan 60° of alt., as above that alt. ‘the corrections are 
too small to be worth attending to; and it is only continued to 6°, as below that alt. 
little confidence can be placed in the corrections. For lower altitudes however they may 
readily be determined approximately by the following Table, observing that the correction 
for thermometer is -+ when it is lower, and —~ when higher than 50°; and that for ba- 

} rometer + when it is higher, and — when lower than 29°6 inches. 
_ Multiply the number corresponding to barometer and the altitude, by the difference be- 
tween the height of the barometer and 29°6 inches, and the product will be the correction 
for the height of the barometer. 

Multiply the number corresponding to thermometer and the altitude, by the difference 
between the height of the thermometer and 50°, and the product will be the correction for 
the thermometer. 


Altitude. 


Barometer ......|: 20°1 
1:4 


Thermometer.... 


Tasie XIl.—Reduction of the Moon's Equatorial Parallax. 


The horizontal parallax, as given in the Nautical Almanac, is adapted to the earth’s equa- 
torial or greatest radius. This Table contains the reduction to adapt the parallax to any given 
latitude, computed on the supposition that the equatorial diameter of the earth is to its axis as 
300 is to 299.—For example, if. the moon’s horizontal parallax from the Nautical Almanac 
were 60’, the-parallax for lat. 56° would be 60’ — 8:2” = 59’ 51-8”. 


This Table contaius a correction to be subtracted from the latitude to adapt it to the sphe- 
roidal figure of the earth. The latitude so reduced is used in computing the longitude from 
an observed occultation. The correction from this Table is also used to adapt the altitudes 
used in clearing the lunar distance to the true figure of the earth. See page 261. 


Taste XIV.—Augmentation of the Moon’s Semi-diameter. 


The semi-diameter of the moon, as given in the Nautical Almanac, is her apparent semi- 
diameter when she is in the horizon; but as her altitude increases, she approaches nearer to 
the observer, till, when in the zenith, she is nearer to him by the earth’s semi-diameter. Her 
apparent semi-diameter will, therefore, gradually increase as she attains a greater altitude, 
and this augmentation is found in Table XIV. below the nearest semi-diameter to that taken 
from the Nautical Almanac, and opposite to the given altilude. 

Exampte.—lIf the moon’s semi-diameter, taken from the Nautical Almanac, be 15’50”, 
what will her apparent semi-diameter be at the altitude of 56° ? 

Opposite 57°, the nearest altitude in the Table to 56°, and below 15’ 50”, 

stands the augmentation of the moon’s semi-diameter 
Given horizontal semi-diameter........ 15 50 


Required semi-diameter .....seee+0+ 16 3:5 


Taste XV.—Contraction of the Semi-diameters of the Sun and Moon from Refraction. 


As the nearer the horizon any celestial object is, the greater is the refraction to which the 
rays of light from it are subjected, therefore the refraction corresponding to the centre of the 
sun or moon, will be greater than that corresponding to any point in the disk above the 
centre, and less than that at any point below it. Every diameter, therefore, except that which 
is parallel to the horizon, will suffer in apparent contraction, the vertical diameter being con- 
tracted most; and when great nicety is required in computation, the effect of this contraction 
ought not to be neglected. . 

Let it be required to find the apparent vertical semi-diameter of the sun or moon at the 
altitude of 10°, the horizontal semi-diameter being 15’ 55% ? 

Here the inclination of the required semi-diameter to the horizon is 90°, therefore opposite 
90° of inclination, and below 10° of altitude, is found 8” the contraction of the semi-diameter 
from the effect of refraction, therefore the apparent vertical semi-diameter is 15’ 55” — 8” 
== 15°47”, 


TaBLe XII].—Reduction of Latitude. i 
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If the semi-diameter whose inclination to the horizon is 36° had been required, it would 


have been found in the same way to be 15’55” — 3” = 15°52”; and if in measuring a lunar | 


distance, the semi-diameter of either object should be inclined to the horizon, it ought to be 
corrected for the effect of contraction before itis applied to the distances. 

The inclination may easily be computed from the apparent zenith distances of the objects 
and their apparent distance, which form the three sides of a spherical triangle. The difference 
between a right angle and the spherical angle at either object, is the inclination of the semi- 
diameter to the horizon which is to be applied to the distance, and as no great precision is 
requisite in the inclination, the angles may be determined with sufficient exactness by the 
scale.—(See the use of the Mariner’s Scale.) 

Taste XVI.—Contains the sun’s semi-diameter for every tenth day of each month. In 
computing from delicate observations, the semi-diameter may be taken from this Table if the 
observer should not have a Nautical Almanac. 


Taste XVII.—Correction of the Moon’s Meridian Passage. 


This Table is used to deduce the instant at which the moon passes any given meridian, from 
the time at whtch she passes the meridian of Greenwich, as given in the Nautical Almanac, 
—lIn the Table, below the daily change in the time of her transit, and opposite the given lon- 
gitude is the correction, to be added to the time of her meridian passage at Greenwich in west 
longitude, and subtracted in east, for the required time. And if the longitude in time be 
applied to this time by addition or subtraction, according as it is west or east, the correspond- 
ing time at Greenwich will be obtained. 


Exampie.—Required the time at which the moon passes the meridian of 80° W. on Septem- | 


ber 9th, 1823 ? 

Per Naut. Alm. (see Table XXXII.) the moon passes the meridian of Greenwich on the 
given day at 3° 40™, and on the following day at 4™ 32s, whence the daily diff. of her meridian 
passage or transit is 52™; below the nearest minute to which and opposite long. 80° is 11”, 
which added to 35 40™ gives 38 51™ the required time ; and if 55 20™ the long. in time were 
added to this time, the sum 98 11™ would be the instant of Greenwich time at which the 
moon passed the given meridian. 


TasLe XVIII.—To compute the Equation of equal Altitudes. 


Opposite the elapsed time between equal altitudes of the sun as observed on the same 
day, the logs. A and B are taken from this Table. Proportional parts for intermediate times 
may be taken out at sight. 


Thus to 72 11™ we have log. A 7°7907 and log. B. 7°5612. 
oO 
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Tastes XIX., XX., XXI., ann XXII. 


Tables XIX., XXI., and XXII. contain the declination and right ascension of the sun, and 


the equation of time, for app. noon of every day, Greenwich time, in the years 1822, 1823, 


1824, and 1825; and with the aid of Table XX. these elements may be found for the noon of 


any day till 1886. 

When the declination is required at the noon of any day in years subsequent to 1825, 
seek the given year in Table XX., and observe which of the years 1822, 1823, 1824, and 
1825, is on the same horizontal line with it; and take the declination, and the daily change 
of it, from Table XIX. for the given day of that year. Then from Part I. Table XX. opposite 
the declination, or the several parts of it, and under the given year, take the corresponding 
corrections, and their sum will be the first correction; and in Part II. of the same Table, 
opposite the nearest minute of declination, and under the given year, will be found the second 


correction. If the declination from Table XIX. is increasing, add, but, if decreasing, subtract | 


the first correction from it, and in all cases subtract the second correction, and the result will 
be the required declination. 

The equation of-time, and its daily change, are taken in the same way from Table XXII. 
for the years 1822, 1823, 1824, or 1825, which is on the same line with the given year in 
Table XX.; and in the first part of that Table, (considering the seconds of arc in the Table 
as seconds of time, in daily change,) below the given year will be found the corresponding 
correction ; which added to the equation from Table XXII. when the equation is increasing, 
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but subtracted when it is decreasing, will give the equation at the noon of the given day. 
The nearest ten seconds in the Table to the daily difference may be taken to find the 
correction. 

The sun’s right ascension being taken from Table X XI. for the given day of the year corre- 
sponding to the given one in the column on the left of Table XX., multiply 7-3” by the 
periods of 4 years, above the given year, add the result to the right ascension from Table 
XXI., and the sum will be the right ascension at the noon of the given day. 

Examp.e Ist—Required the sun’s declination, August 14, 1867 ? 

1867 is on the same line with 1823, we therefore take the declination and its daily change 
for August 14th, 1823, and find it 14° 33’ 48” N.—18/ 31”. 


Daily oe 0”....Correction below 1867 ...... 3’ 23” 
8 
a 


of Oth rts 2 RE Ponte eee ait! dat ha 2 42 *+Table XX. Part I. 
Declination. EP Ne athe ms Searcy tis tary Sen gat 10 


ewok. .3'2 correction, Part I. ....43.. — 6 15 sum 


©" declination, Aug. 14th, 1823.............. 14 33 48 


14 27 33 
Opposite 19’ the nearest minute to 18’ 31” and : 
below the given year in Part Il. ........... mm 13) Cor. ..... Part II, 


Required declination 14 27 20 


Exampre 2d.—Required the sun’s right ascension, May 8th, 1854 ? 

1854 is in the same line with 1822; and the right ascension for May 8th, 1822, is 
2h 59™ 14s. Now above 1854, in Table XX., is 8, the periods of 4 years. Hence 7:3” 
+ 8 = 58:4”, the correction of the right ascension; therefore 25 59™ 148 4. 58:4” 
= 3h 0™ 12:48 is the required right ascension. 

ExampLe 3d.—Required the equation of time for December 28th, 1876? 

1876 being in the horizontal line, in Table XX., with 1824, we take the equation of time 
from Table XXII. for December 28tb, 1825, and find it to be 2™ Is + 298, 

To daily change 30”, the nearest to 29” in Part I, Table XX., below 1876 stands 12” which 
we take as 128, the correction +. 


Equation of time, December 28th, 1824 2” 1 
GOPTECHION oi os do eek hatin +12 


Ditto, December 28th, 1876 ....1876. 2 13 


The elements corrected in the above manner will be exact enough for use at sea, as they 
will in all cases be within a few seconds of the truth; but persons having the Nautical 
Almanac for the given year need not of course apply to these Tables, which however may be 
of the utmost importance to persons who may be in situations where a Nautical Almanac 
cannot be had. 

If the data from these Tables, or from the Nautical Almanac, are required fora given 
Greenwich time of day they may readily be found with the aid of Table XXX., as explained 
in problem XIL., page 222. 

From 1834 the hourly change of these elements will be given from day to day in the Nau- 
tical Almanac. This multiplied by the hours and decimals of an hour in the Greenwich 
date will give the correction for Greenwich time. Thus if the hourly change be 48:3”, and 
the Greenwich time be 185 24™ = 18:45, the correction is 48°3” X 18:4 = 789:7” = 13’ 9:7” 
to be added if increasing and subtracted if decreasing. 


Taste XXIII.—Mean Right Ascension and Declination of the principal fixed Stars, &§c. 


The mean right ascension and declination of the stars in this catalogue for years subsequent 
to 1820, are determined by multiplying the annual variation by the difference between 1820 
and the given year, and applying the product to the right ascension and declination given in 
the Table by addition or subtraction according as the sign of the variation is + or —. Thus 
if it were required to find the right ascension and declination of « Leo, or Regulus for July, 
1856, or about 365 years after the beginning of 1820, we have by Table XXIII. 
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R. A. Regulus, January Ist, 1820...... 9 58m 47s 
Annual variation 3-215 % 36:5 = 2.4... ° = 1. 57 


Ry A. Jilly; 1856 oe. a ee 


Declination, Regulus, January Ist, 1820. 12° 50’ 36” N 
Annual variation, 17:23” x 365==..... — 10 29 


Declin. July, 1856.......+.-. 12 40 7 


The stars marked in capitals are those from which the moon’s distance is given ?n the 
Nautical Almanac for the purpose of finding the longitude. 


TABLE XXIV.—Correction of )’s apparent Altitude. 


This Table contains the difference of the moon’s refraction and parallax in altitude, or the 
correction of altitude, to be added to the apparent, to obtain the true altitude. 
The moon’s apparent altitude, or the nearest less one in the Table being sought in. the 


of the correction; and in the column on the left the seconds uf correction corresponding to 
the difference between the altitude before taken and the given one; and in the column of 
parts for seconds of parallax will be found the parts of correction for every ten seconds, and 
also for every single second of parallax ; and the sum of these four parts is the whole correc- 
tion. 

Examp.e Ist.—The moon’s apparent altitude is 40° 35/, and her horizontal parallax 
58’ 37”, required the correction of her altitude ? 

Opposite 40° 30’ of )’s alt. and below 58’ is.....0.2..... 00+ 42 04. 

9, of alt. in the column on‘the left........-cc0. 3 parts, 
30” of parallax in ‘ parts for seconds of parallax’. . 22 do. 


eeceeceeeeeoeveeaeeeSeGrseeseeeeese ees neves Gee 5 do. 


Correction’ . <..ce eu eee ae ee 


to find the correction of her altitude. 
58° 40’ below 59’. a sels tecdnle.e'e acai oh ace ee 
0 of alt. in the left-column 6... ...-.00+-ee00. .+ 9 parts, 
20” parallax in “parts for seconds of parallax” eee 10 
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Correctionics ci, ch ots vee cee 30 18 


— Taste XXV.—Auaihary Arcs used in clearing the Lunar Distance. 


If kh be the apparent, and H the true altitude of the moon, 2’ the apparent and H’ the true 
cos H cos H’ 
2cos hcos h” 


| This Table is arranged and used in the same manner as Table XXIV., requiring only an addi- 

| tional correction for the altitude of the sun or a star, which correction is found in the column 

j on the right of the page. To the minutes and seconds taken from the Table, 60° which 
stands at the top of each column is to be prefixed. When a planet is one of the objects, in- 
stead of the correction for the sun or star’s altitude, the correction is to be taken from Table 
XXVII. 

Tables XXIV. and XXV. being used jointly in the practical methods which we have 
selected for clearing the lunar distance from. the effects of parallax and refraction, they are 
printed on alternate } pages, that the same degrees on each Table may appear at one opening of 
the book. 

HXAMPLE.—The moon’s app. alt. is 67° 14’, the sun’s 30° 2/, and the moon’s horizontal 
parallax 54’ 55”, required the auxiliary arc? 


altitude of the sun, then the are taken from this Table is that whose cosine is == 


proper column ; on the same line, below the minutes of parallax, will be found the first part — 


Examp.e 2d.—Given the moon’s apparent altitude 58°40’, and horizontal parallax 59°23” 


a 


MANNER OF USING. THE TABLES, 


At )” alt. 67° 10’ and below 54’ :is¢.4. 0.500006 60° 27’ 377’ 
BG) G) Ofpalt,s.. oon sase.teinpeeeia ies § I 
50 seconds of }’§ parallax ..... 27 

@ CHO as. eeachiecd meat 3 

To ©’ alt. 36° corresponds...... 3 
Required arc...+..seee,- 60 28 11 sum. 
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TaBLe XXVI.—Parallax of the Planets in Altitude. 


. Opposite the given altitude of the planet, and below its horizontal parallax, is its parallax 
in altitude, which deducted from the refraction corresponding to the same altitude, Table IX. 
gives the planet’s correction of altitude. 


TaBLe XXVII.—Corrections to be added to the Arcs from Table XXV. in clearing the 
Distance between the Moon and a Planet. 


When the true distance of the moon from a planet is to be computed, the corrections from 
this Table are to be used instead of those for the altitude of © or in the column on the 
right of Table XXV. This Table is similar in its form, and used exactly as Table XXVI. 


Taste XXVIIIl.—Decimal Versed and Suversed Sines. 


_The first figure in each number of this Table is the second decimal figure in the natural 
versed or suyersed sine of the arcto which the number belongs. The Table is used in clear- 
ing the distance of the moon from the sun or a star; and as the true distance never differs 
much more than a degree from the apparent one, the figures which are omitted can never be 
wanted to discriminate to what degree the versed sine of the true distance belongs, when the 
apparent distance is known. ; 

To take from the Table the versed sine of a given arc. If the degrees are at the top of the 
Table, the minutes will be found in the column on the left; but if the degrees are at the 
bottom, the minutes will be found in the column on the right, and the versed sine for the 
degrees and minutes will be found in the column “ versed’”’ below or above the given degree, 
and opposite the given minute; and the parts to be added for the seconds in the given are are 
found in the column of “Parts for”’’ belonging to the given degree, opposite the given 
seconds, in the column on the left. This column is marked at the top with’, and also both at 


/ . 
| the top and bottom with [vers] to show that whether the degrees are at the top or bottom of 
the Table the seconds are to be sought in the column on the left. 
Exampce Ist.—Required the versed to 63° 12’ 43” ? 
Below 63° in column ‘‘versed’’, and opposite 12’ in the left-hand column stands 49122 
Below 63° in column “ Parts for”’’ and opposite 43 in the left-hand column stands 187 


PLETED Vets. Cs isle bleh gly an sev sa oh e's 49309 


ExampPte 2d.—Required the versed to 138° 50’ 37” ?_ 
Above 138° in column “versed’’, and opposite 50’ in the right-hand column stands 52798 
Above 138° in column “ Parts for””’, and opposite 37 in the column on the left 
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To find the Are corresponding to a given Versed Sine, when the Arc is known to within 
‘2 a about a Degree. 


In the column versed corresponding to the given degree, or to one of the degrees imme- 
diately adjoining to it, find the versed sine next less than the given one, and the corresponding 
degrees and minutes will be those of the required arc. Subtract this versed from the given 
one, and opposite the remainder taken in the “ Parts for” ’’ belonging to the degree already 
taken out, will be found the seconds of the required arc in the column on the deft. 

_ Exampte Ist.—The versed sine of an arc known to be within about a degree of 54° is 09237, 
required the arc? . 

In the columns of versed adjacent to 54° we soon find the versed next less than 09237 is 

09160, the versed sine of 53° 47’. 
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EXPLANATION OF THE 


Given versed SING &. 6.4 siv:0'8k. 6 Hak GR 09237 
Versed 53° 47! ...0s08 eesee ee ees eee 09160 


Difference, oo*v%sisé G7 


To this difference in “ Parts for”” corresponds 20” en the column on the left, whence the 
required arc is 53° 47’ 20”. 

ExampLe 2d.—Required the arc, nearly 113°, which corresponds to versed 98341 ? 

The versed sine next less than 98341 in the columns adjoining to 118° is 98216, the versed 
of 113° 28’, and the difference between this versed sine and the given one is 125, which 
found in the column of “ Parts for”” belonging to 113° corresponds to 28/ in the column on 
the left, whence the required are is 113° 28’ 28”, 


To find the Suversed Sine ofa given Arc. 


In taking out the suversed sines the arc 1s always conceived to be increased by one munute, 
and the parts for seconds are found opposite the given seconds of arc, taken in the column on 
the right ; by this means the parts for seconds are made additive in the suversed as well as 
in the versed sines, 

Exampxe Ists—Required the suversed sine of 18° 36’ 15” ? 

Increasing the arc by one minute we have to 18° at the top, and 37’ on the left, suversed 
47676, and in the column of “ Parts for””’ opposite 15” on the right, we have 70 for the parts 
for seconds, hence 47676 + 70 = 47746 the required suversed sine. 

Exampe 2d.—Required the suversed sine of 126° 19’ 34”? va 

Increasing the are by one minute we have to 126° at the bottom and 20’ on the right, 
07518; and in the column of “ Parts for”’’ opposite 34” in the column on the right, we have 
102 for the parts for seconds, whence 07518 + 102 = 07620 is the required suversed sine. 


When the Versed Sine of an Arc exceeding 180° is required, reject 180° from the Arce and 
seek the Suversed Sine of the Remainder, 


In taking the sum of several versed and suversed sines, the tens are always to be rejected 
from the sum of the left-hand figures, and it will be found convenient to add the sum of the 
parts for seconds to the sum of those for degrees and minutes, instead of making a separate 
addition for the parts for seconds in each arc. 

* Parts for” ” 
Thugs. .vers.: 48°10" 467 .44....5038084.. 6 168 
vers: 138 24 19° Ju.ie... A7798. 95 6° 6D 
Buvers: TS NOe BO ee wok Oo ees ue 
suvers. 167. 4 52 .c.0s.44.25304;..5 °° 8 
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Sum of parts for seconds ....0.-.css.0ee S940, 


Total bum saasbeis 


Taste XXIX.—Proportional Logarithms. 

These logarithms are of very extensive use in making proportions among hours, minutes, 
and seconds of time, or degrees, minutes, and seconds of are. If a= the séconds in 3 hours 
of time, or 3° of arc, and 6= the seconds in any time or are not exceeding a, then log. a — 
log. 6 is the proportional logarithm of the are 6. 


Proportions among sexagesimals are performed as in common logarithms, by subtracting | 


the proportional logarithm of the first term from the sum of those of the second and third, and 
the remainder is the proportional logarithm of the fourth term. 


It may be observed too, that the minutes in the Table may be considered as degrees, and 


the seconds as minutes, and therefore though the Table extends to only 3° or 3"; the propor- | 


tion between much greater arcs may be readily deduced from it. 
ExampLe.—If the altitude of the sun increase 38’ 15” in 4™ 208, what will it increase in 
1= 398? 
The proportion is, as 4™ 20° is to 38’ 15”, so is 1™ 398 to 14’ 34”; or by proportional loga: 
THAIS 45. eek sag 3. AP 20 prop. logy 4.005 s 56185 
3B’ Bo" ditto: svn. as), 6726 
1m 395 ditto soses <22'038/8 


2:7104 
Answer 14’ 34” = ditto......20+.1'0919 


a 
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When the first term of the proportion is 3" or 3°, its proportional logarithm being 0, the 
proportional logarithm of the fourth term is obtained by taking the sum of the proportional 
logarithms of the second and third; and when the second term is 3% or 3°, the proportional 
logarithm of the fourth is obtained by subtracting the proportional logarithm of the first term 
from that of the third, and it was to facilitate the computing of such proportions that the Table 
was originally formed. 

Note—From 1834 between every two successive lunar distances in the Nautical Almanac, 
the proportional logarithm of their difference will be inserted; and this proportional logarithm 
being subtracted from that of the difference between a given lunar distance and the next pre- 
ceding one in the Almanac, will give the proportional logarithm of the time to be added to 
that corresponding to the said next preceding distance to find the Greenwich time. 

As an example we may take that at the bottom of page 273, where the proportional logarithm 
“2987 will then be found between the distances 66° 5’ 2” and 67° 35/ 31’, Hence the com- 
putation will stand thus: 

True dist. 66° 37! 0” diff, 0° 31’ 58” prop. log. °7506 

Next preceding dist. at 9" 66 5 2 subtract °*2987 

15 3 30° prop. log. 4519 
Time of preceding dist. 9 oe 


Greenwich Time 10.3... 35 t 


If the proportional logarithms of the differences of distance be given to five places of 
figures, reject the fifth figure, and increase the fourth by unity if the fifth is 5 or more.: 


Taste XXX—T7o reduce the right Ascension, Declination, &c. of the Sun or Moon to any 
given Instant of Greenwich Time. 


One of the chief uses of this Table is that expressed in the title of it, but it may also be 
employed in many cases with advantage in taking proportional parts; for the hours and 
minutes in the Table may be taken as degrees and minutes, or as minutes and seconds, &c. 

Its use in taking proportional parts of the daz/y variations in astronomical data is sufficiently 
explained at Problem XII., page 222; but as till 1833 the moon’s right ascension, &c. are 
only given for Greenwich apparent noon and midnight, the following method of finding the 
corrections for intermediate times may till that period be useful. 

To the logarithm from this Table correspondiug to dowble the given time past noon or mid- 
night, add the proportional logarithm of the change of the required number in the 12 hours in 
which the given time falls, and the sum will be the proportional logarithm of its change in the 
given time, which added to or subtracted from the value of the number for the noon or mid- 
night next preceding the given instant, according as the number is increasing or decreasing, 
will give the value of it at the given time. Ifthe change in 12 hours should be too great for 
the Table of proportional logarithms, its half, or its third part, may be taken, and the result 
multiplied by 2 or 3 accordingly. 

This value, however, when great nicety is required, ought to be further corrected by the 
equation of second differences given in the Nautical Almanac. 

ExampLe.—Required the moon’s declination, September 16th, 1823, at 42 10™ A. M. 
Greenwich civil time. 

)” declination at midnight, September 15th, (see Table XXXII.) 19° 1’ 30” S— 1°57/ 58”, 

Double the given time 8® 20™, log. Table XXX . 4594 
Change of declination in 12 hours 1° 57’ 58” prop.log.. 1835 


Corrections... — 40 57 ditto.... 6429 


—— 
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Required declination....s06 18 20 335. 


Use of the Table of the Equation of second differences in the Nautical Almanac for 1831 
and 1832, 


From the Nautical Almanac take four right ascensions, or declinations, two immediately 
preceding, and two immediately following the given instant of Greenwich time. Half the 
difference between the sum of the first and fourth, and that of the second and third, will be 
the mean second difference ; with which at the top of the Table, and the given time past 
noon or midnight inone of the side columns, the required correction will be obtained; 
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additive to the right ascension corrected by even proportion, when the sum of the first and 

fourth is Zess, but subtractive when it is greater, than the sum of the second and third; but ’ 

always additive to the declination as corrected by even proportion. uh ve 
When the four declinations are not all of the same denomination, the correction of the de- 

clination may be found with sufficient exactness by even proportion; as under such cireum- 

stances the second differences are always too small to merit regard in nautical practice. 


TaBLES XXXI, aND XXXII. 


These Tables, from the Nautical Almanac, contain the moon’s right ascension, declination, 
semi-diameter, horizontal parallax, &c., and her distance from the sun and fixed stars used in 
finding the longitude for September, 1823; and all the examples in this volume relative to 
the moon being adapted to that month, the student is spared the necessity of purchasing a 
‘Nautical Almanac for the mere purpose of being enabled to solve the practical questions given 
for exercise. The data in these Tables are for the intervals adopted in the Nautical Almanac 
for 1833. 


Taste XXXIII.—Logarithms to compute the Longitude from the difference between the 
Transits of the Moon’s bright Limb and a Star. 


This Table is entered with the increase of the moon’s right ascension (im time) in an hour 
of mean time. The minutes are found at the top, and the seconds and tenths of seconds in 
the column below. The parts for hundredths of seconds are found in the column of differences 
opposite the corresponding tenths cf the second for which the logarithm is sought; and if 
the right hand figure be rejected from the differences, the remaining figures on the left will 
be like parts for thousandths of seconds. Fe 

Thus if the log. corresponding to 2 35°4798 be required, we have 1°346928 corresponding 
to 2™ 35-48, to ‘07 we have 204, and to ‘009 we have 26, both to be subtracted ; hence the 
correct log. is 1346698. 


| Taste XXX1V.—Effect of a Change in the Moon’s Semidiameter on the Time of its passing 
the Meridian, 


Below the moon’s declination and opposite the seconds in the change of her semidiameter, 
is the required effect, in seconds of time. For tenths of seconds in the change take the part 
answering to the corresponding second, and remove the decimal point one place to the left. 

Thus, if the meon’s declination be 16° and the change of her semidiameter 4°6*, we have 

Lo 4, ‘below 16° 0... 2. °29% : 
Heb ataly Sates incre cis ie 
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Taste XXXV.—Latitudes and Longitudes of Places, &c. 


On this Table we shall only observe, that great care has been taken that the information 
which it furnishes should be entitled to confidence, as the accuracy of such a Table consti- 
tutes its chief value. 

: TasL—E XXXVJ.—Times of High Water, &c. 


The titfe of this Table so fully explains its object, that nothing seems wanting in the way 
of explanation. - . 


| THE END 


London: Printed by W. CLowss, Stamford street. 
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